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1
SEMICONDUCTOR STORAGE DEVICE AND
METHOD FOR MANUFACTURING SAME

TECHNICAL FIELD

This invention relates to a semiconductor storage device
and a method for manufacturing the same, and particularly
relates to a nonvolatile semiconductor storage device that can
store information and can be electrically programmed by
using a material in which electric properties are changed by
applying current to elements.

BACKGROUND ART

Recently, variable resistance type memories have been
studied as memories replacing flash memories which
approach the limit of reduction of flash memory size. As one
example of these studies, phase change memories in which
chalcogenide materials are used as storage materials have
been actively studied. A memory structure of the phase
change memory is a structure in which the storage material is
sandwiched by metal electrodes. The phase change memory
is a variable resistance type memory that stores information
by using a phenomenon in which the storage material
between the electrodes has different resistance states.

The phase change memory stores information by using a
phenomenon in which resistivities of the phase change mate-
rials such as Ge,Sb,Tes are different in an amorphous state
and a crystal state. The phase change memory has higher
resistance in the amorphous state and has lower resistance in
the crystal state. Therefore, read is performed by applying
voltage difference across an element, measuring current
flown through the element and determining whether the resis-
tance state of the element is high or low.

The phase change memory programs data by changing
electric resistance of a phase change film in different states by
Joule heat generated by current. A reset operation, in other
words, an operation to change into the amorphous state being
high resistance is performed by melting the phase change
material by applying large current for a short time, and there-
after by quenching by rapid decrease in the current. On the
other hand, a set operation, in other words, an operation to
change into the crystal state being low resistance is performed
by applying sufficient current to maintain crystallization tem-
perature of the phase change material for a long period. This
phase change memory is suitable for reduction of memory
size in principle because, when the reduction of phase change
memory size proceeds, required current to change a state of a
phase change film becomes lower. Therefore, the phase
change memory has been actively studied.

As a method for integrating the memory using these vari-
able resistance type elements, Patent Literature 1 discloses
constitution in which, in stacked structure formed by alter-
nately stacking a plurality of gate electrode materials and
insulator films, a plurality of through holes that pass through
the entire layers is collectively patterned at the same time, and
a gate insulator film, a channel layer, and the phase change
film are formed and patterned on the inside of the through
holes.

A literature related to this invention includes Nonpatent
Literature 1. Nonpatent Literature 1 discloses an NAND-type
flash memory having a similar structure to Patent Literature 1.
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Nonpatent Literature
Nonpatent Literature 1: Symposium on VSLI technology, pp.
136-137 (2009).

SUMMARY OF INVENTION
Technical Problem

However, there are following problems in the phase change
memory described in Patent Literature 1.

A first problem is in that a select transistor selecting one
unit cell is formed by a vertical type transistor. In the select
transistor, a plurality of select transistors are provided for one
source line. These select transistors are required to be inde-
pendently selected. Therefore, the gate electrode is required
to be isolated by an insulator film. As a result, a gap is
generated in a direction along a source line, and thereby
increase in integration is prevented.

Subsequently, a second problem is in that the through holes
are previously formed, and then a memory film and a channel
film are formed in a memory part. As described above, when
the through holes are previously formed, the memory film and
the channel layer are formed toward the center of the through
hole. Here, the memory film and the channel film may not be
formed because reduction of through hole size proceeds and
the through hole becomes smaller, and thereby the through
hole is almost plugged when film thicknesses of the memory
film and the channel film are too thick to the size of the
through hole. Therefore, the through hole is required to be
expanded. However, in this case, the through hole is required
to be expanded in both vertical and horizontal direction.
Minimum feature sizes cannot be maintained in the both
directions. As a result, small memory cells cannot be formed.

The above-described and other objects and novel charac-
teristics of this invention will be clarified from the description
of' the specification and the accompanying drawings.

The NAND-type flash memory described in Nonpatent
Literature 1 programs information by storing electrons flow-
ing through a channel in a charge trap film existing between
the gate electrode and the channel by biased high voltage at
the gate electrodes. Therefore, the NAND-type flash memory
has far different programming principle from the memory
using variable resistance type elements in which current is
applied to the storage elements themselves. Consequently,
intact technologies applied for the NAND-type memory can-
not be applied for the memory using variable resistance type
elements.

Solution to Problem

Among inventions disclosed by this invention, outlines of
representative examples are briefly described below.

As a first means, a stacked body formed by alternately
stacking a semiconductor layer turning into a gate and an
insulating layer, a gate insulator film layer formed on the side
surface of the stacked body, a channel layer and a variable
resistance material layer are included. Further, a diode is used
as a selection element. Thereby, a degree of integration can be
increased.

As a second means, a switch selecting a plurality of layers
is provided as well as word lines, bit lines and gate signal lines
corresponding to a plurality of layers are commonly con-
trolled and memories are selected at the same time. Thereby,
each word line, bit line and gate signal line, and a driving
circuit of control lines of the layer selection switch can be
reduced, and an area of the driving circuit can be reduced.
Thereby, a bit cost is reduced.
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As a third means, a gate insulator film layer, a channel
layer, and a variable resistance material layer are provided in
a region having a first semiconductor layer and a second
semiconductor layer turning into the gate, and a first insulator
film layer, and a second insulator film layer, and surrounded
by the first semiconductor layer, the second semiconductor
layer, the first insulator film layer, and the second insulator
film layer. Both ends of the gate insulator film layer, the
channel layer, and the variable resistance material layer are
provided so as to be in contact with the first insulator film
layer and the second insulator film layer. Thereby, in a direc-
tion in which the first insulator film layer and the second
insulator film layer are parallelly arranged, a feature size can
be determined without relation to film thicknesses of the gate
insulator film layer, the channel layer, and the variable resis-
tance material layer. Thereby, a cell area can be reduced and
the bit cost can be reduced.

As a fourth means, two current paths and a phase change
region are provided in a region where the bit line and the word
line intersect each other, and each current paths is indepen-
dently controlled. Thereby, the numbers of bits provided in
the region where one bit line and one word line intersect each
other can be increased and the bit cost can be reduced.

As a fifth means, memory chains connected in a chain-like
manner and a diode selecting the memory chains are serially
connected to each of regions where a plurality of word lines
and a plurality of bit lines intersect each other. Thereby, the
area of the memory cell can be reduced and the bit cost can be
reduced.

Advantageous Effect of Invention

According to this invention, the bit cost of the semiconduc-
tor storage device can be reduced.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a total plan view of a semiconductor storage
device according to this invention;

FIG. 2 is a partial three dimensional schematic view of a
semiconductor storage device in an embodiment 1 of this
invention;

FIG. 3 is a three dimensional schematic view of a memory
cell array in the embodiment 1 of this invention;

FIG. 41s a graphillustrating a high resistance operation and
a low resistance operation of a phase change memory of this
invention;

FIG. 5 is a view illustrating a reset operation, a set opera-
tion and a read operation of the memory cell array in the
embodiment 1 of this invention;

FIG. 6 is a circuit diagram illustrating the reset operation,
the set operation and the read operation of the memory cell
array in the embodiment 1 of this invention;

FIG. 7 is a partial three dimensional schematic view illus-
trating one example of a method for manufacturing the semi-
conductor storage device in the embodiment 1 of this inven-
tion;

FIG. 8 is a partial three dimensional schematic view illus-
trating one example of the method for manufacturing the
semiconductor storage device in the embodiment 1 of this
invention;

FIG. 9 is a partial three dimensional schematic view illus-
trating one example of the method for manufacturing the
semiconductor storage device in the embodiment 1 of this
invention;
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FIG. 10 is a partial three dimensional schematic view illus-
trating one example of the method for manufacturing the
semiconductor storage device in the embodiment 1 of this
invention;

FIG. 11 is a partial three dimensional schematic view illus-
trating one example of the method for manufacturing the
semiconductor storage device in the embodiment 1 of this
invention;

FIG. 12 is a partial three dimensional schematic view illus-
trating one example of the method for manufacturing the
semiconductor storage device in the embodiment 1 of this
invention;

FIG. 13 is a partial three dimensional schematic view illus-
trating one example of the method for manufacturing the
semiconductor storage device in the embodiment 1 of this
invention;

FIG. 14 is a partial three dimensional schematic view illus-
trating one example of the method for manufacturing the
semiconductor storage device in the embodiment 1 of this
invention;

FIG. 15 is a partial three dimensional schematic view illus-
trating one example of the method for manufacturing the
semiconductor storage device in the embodiment 1 of this
invention;

FIG. 16 is a partial cross-sectional view illustrating one
example of the method for manufacturing the semiconductor
storage device in the embodiment 1 of this invention;

FIG. 17 is a partial three dimensional schematic view illus-
trating one example of the method for manufacturing the
semiconductor storage device in the embodiment 1 of this
invention;

FIG. 18 is a partial cross-sectional view illustrating one
example of the method for manufacturing the semiconductor
storage device in the embodiment 1 of this invention;

FIG. 19 is a partial three dimensional schematic view illus-
trating one example of methods for manufacturing the semi-
conductor storage device in the embodiment 1 of this inven-
tion;

FIG. 20 is a partial cross-sectional view illustrating one
example of the method for manufacturing the semiconductor
storage device in the embodiment 1 of this invention;

FIG. 21 is a partial cross-sectional view illustrating one
example of the method for manufacturing the semiconductor
storage device in the embodiment 1 of this invention;

FIG. 22 is a partial cross-sectional view illustrating one
example of the method for manufacturing the semiconductor
storage device in the embodiment 1 of this invention;

FIG. 23 is a partial cross-sectional view illustrating one
example of the method for manufacturing the semiconductor
storage device in the embodiment 1 of this invention;

FIG. 24 is a partial three dimensional schematic view illus-
trating one example of the method for manufacturing the
semiconductor storage device in the embodiment 1 of this
invention;

FIG. 25 is a partial three dimensional schematic view illus-
trating one example of the method for manufacturing the
semiconductor storage device in the embodiment 1 of this
invention;

FIG. 26 is a partial three dimensional schematic view illus-
trating one example of the method for manufacturing the
semiconductor storage device in the embodiment 1 of this
invention;

FIG. 27 is a partial cross-sectional view illustrating one
example of the method for manufacturing the semiconductor
storage device in the embodiment 1 of this invention;
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FIG. 28 is a partial cross-sectional view illustrating one
example of the method for manufacturing the semiconductor
storage device in the embodiment 1 of this invention;

FIG. 29 is a partial cross-sectional view illustrating one
example of the method for manufacturing the semiconductor
storage device in the embodiment 1 of this invention;

FIG. 30 is a view illustrating an effect of the embodiment 1
of this invention;

FIG. 31 is a partial three dimensional schematic view of a
semiconductor storage device in an embodiment 2 of this
invention;

FIG. 32 is a three dimensional schematic view of a memory
cell array in the embodiment 2 of this invention;

FIG. 33 is a view illustrating the reset operation, the set
operation and the read operation of the memory cell array in
the embodiment 2 of this invention;

FIG. 34 is a circuit diagram illustrating the reset operation,
the set operation and the read operation of the memory cell
array in the embodiment 2 of this invention;

FIG. 35 is a partial three dimensional schematic view illus-
trating one example of a method for manufacturing the semi-
conductor storage device in the embodiment 2 of this inven-
tion;

FIG. 36 is a partial three dimensional schematic view illus-
trating one example of the method for manufacturing the
semiconductor storage device in the embodiment 2 of this
invention;

FIG. 37 is a partial three dimensional schematic view illus-
trating one example of the method for manufacturing the
semiconductor storage device in the embodiment 2 of this
invention;

FIG. 38 is a partial three dimensional schematic view illus-
trating one example of the method for manufacturing the
semiconductor storage device in the embodiment 2 of this
invention;

FIG. 39 is a partial three dimensional schematic view illus-
trating one example of the method for manufacturing the
semiconductor storage device in the embodiment 2 of this
invention;

FIG. 40 is a partial three dimensional schematic view illus-
trating one example of the method for manufacturing the
semiconductor storage device in the embodiment 2 of this
invention;

FIG. 41 is a partial three dimensional schematic view illus-
trating one example of the method for manufacturing the
semiconductor storage device in the embodiment 2 of this
invention;

FIG. 42 is a partial three dimensional schematic view illus-
trating one example of the method for manufacturing the
semiconductor storage device in the embodiment 2 of this
invention;

FIG. 43 is a partial three dimensional schematic view illus-
trating one example of the method for manufacturing the
semiconductor storage device in the embodiment 2 of this
invention;

FIG. 44 is a partial three dimensional schematic view illus-
trating one example of the method for manufacturing the
semiconductor storage device in the embodiment 2 of this
invention;

FIG. 45 is a partial three dimensional schematic view illus-
trating one example of the method for manufacturing the
semiconductor storage device in the embodiment 2 of this
invention;

FIG. 46 is a partial three dimensional schematic view illus-
trating one example of the method for manufacturing the
semiconductor storage device in the embodiment 2 of this
invention;
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FIG. 47 is a partial three dimensional schematic view illus-
trating one example of the method for manufacturing the
semiconductor storage device in the embodiment 2 of this
invention;

FIG. 48 is a partial three dimensional schematic view illus-
trating one example of the method for manufacturing the
semiconductor storage device in the embodiment. 2 of this
invention;

FIG. 49 is a partial three dimensional schematic view illus-
trating one example of the method for manufacturing the
semiconductor storage device in the embodiment 2 of this
invention;

FIG. 50a is a partial three dimensional schematic view
illustrating one example of the method for manufacturing the
semiconductor storage device in the embodiment 2 of this
invention and FIG. 506 is a partial three dimensional sche-
matic view illustrating one example of the method for manu-
facturing the semiconductor storage device in the embodi-
ment 2 of this invention;

FIG. 51 is a partial cross-sectional view illustrating one
example of the method for manufacturing the semiconductor
storage device in the embodiment 2 of this invention;

FIG. 52 is a partial cross-sectional view illustrating one
example of the method for manufacturing the semiconductor
storage device in the embodiment 2 of this invention;

FIG. 53 is a partial three dimensional schematic view illus-
trating one example of the method for manufacturing the
semiconductor storage device in the embodiment 2 of this
invention;

FIG. 54 is a partial three dimensional schematic view illus-
trating one example of the method for manufacturing the
semiconductor storage device in the embodiment 2 of this
invention;

FIG. 55 is a partial three dimensional schematic view illus-
trating one example of the method for manufacturing the
semiconductor storage device in the embodiment 2 of this
invention;

FIG. 56 is a partial cross-sectional view illustrating one
example of the method for manufacturing the semiconductor
storage device in the embodiment 2 of this invention;

FIG. 57a is a plan view illustrating a polysilicon grain
boundary and a current path; FIG. 57b is a cross-sectional
view illustrating the polysilicon grain boundary and the cur-
rent path; FIG. 57¢ a plan view illustrating polysilicon grain
boundaries and current path; and FIG. 574 is a cross-sectional
view illustrating the polysilicon grain boundaries and the
current paths;

FIG. 58 is a partial cross-sectional view illustrating one
example of the method for manufacturing the semiconductor
storage device in the embodiment 2 of this invention;

FIG. 59 is a partial cross-sectional view illustrating one
example of the method for manufacturing the semiconductor
storage device in the embodiment 2 of this invention;

FIG. 60 is a partial three dimensional schematic view illus-
trating one example of the method for manufacturing the
semiconductor storage device in the embodiment 2 of this
invention;

FIG. 61 is a partial three dimensional schematic view illus-
trating one example of the method for manufacturing the
semiconductor storage device in the embodiment 2 of this
invention;

FIG. 62 is a partial three dimensional schematic view illus-
trating one example of the method for manufacturing the
semiconductor storage device in the embodiment 2 of this
invention;
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FIG. 63 is a partial three dimensional schematic view illus-
trating one example of the method for manufacturing the
semiconductor storage device in the embodiment 2 of this
invention;

FIG. 64 is a partial three dimensional schematic view illus-
trating one example of the method for manufacturing the
semiconductor storage device in the embodiment 2 of this
invention;

FIG. 65 is a partial three dimensional schematic view illus-
trating one example of the method for manufacturing the
semiconductor storage device in the embodiment 2 of this
invention;

FIG. 66 is a partial three dimensional schematic view illus-
trating one example of the method for manufacturing the
semiconductor storage device in the embodiment 2 of this
invention;

FIG. 67 is a partial three dimensional schematic view illus-
trating one example of the method for manufacturing the
semiconductor storage device in the embodiment 2 of this
invention;

FIG. 68 is a partial three dimensional schematic view illus-
trating one example of the method for manufacturing the
semiconductor storage device in the embodiment 2 of this
invention;

FIG. 69 is a partial three dimensional schematic view illus-
trating one example of the method for manufacturing the
semiconductor storage device in the embodiment 2 of this
invention;

FIG. 70 is a partial three dimensional schematic view illus-
trating one example of the method for manufacturing the
semiconductor storage device in the embodiment 2 of this
invention;

FIG. 71 is a partial three dimensional schematic view illus-
trating one example of the method for manufacturing the
semiconductor storage device in the embodiment 2 of this
invention;

FIG. 72 is a partial three dimensional schematic view illus-
trating one example of the method for manufacturing the
semiconductor storage device in the embodiment 2 of this
invention;

FIG. 73 is a partial three dimensional schematic view illus-
trating one example of the method for manufacturing the
semiconductor storage device in the embodiment 2 of this
invention;

FIG. 74 is a partial three dimensional schematic view illus-
trating one example of the method for manufacturing the
semiconductor storage device in the embodiment 2 of this
invention;

FIG. 75 is a partial three dimensional schematic view of a
semiconductor storage device in a embodiment 3 of this
invention;

FIG. 76 is a partial cross-sectional view of a memory cell
array in the embodiment 3 of this invention;

FIG. 77 is a partial three dimensional schematic view of the
semiconductor storage device in the embodiment 3 of this
invention;

FIG. 78 is a partial cross-sectional view of the memory cell
array in the embodiment 3 of this invention;

FIG. 79 is a circuit diagram illustrating the reset operation,
the set operation and the read operation of the memory cell
array in the embodiment 3 of this invention;

FIG. 80 is a view illustrating an effect of the embodiment 3
of this invention;

FIG. 81 is a partial three dimensional schematic view of a
semiconductor storage device in an embodiment 4 of this
invention;
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FIG. 82 is a partial three dimensional schematic view illus-
trating one example of a method for manufacturing the semi-
conductor storage device in the embodiment 4 of this inven-
tion;

FIG. 83 is a partial three dimensional schematic view illus-
trating one example of methods for manufacturing the semi-
conductor storage device in the embodiment 4 of this inven-
tion;

FIG. 84 is a partial three dimensional schematic view illus-
trating one example of the method for manufacturing the
semiconductor storage device in the embodiment 4 of this
invention;

FIG. 85 is a partial three dimensional schematic view illus-
trating one example of the method for manufacturing the
semiconductor storage device in the embodiment 4 of this
invention;

FIG. 86 is a partial three dimensional schematic view illus-
trating one example of the method for manufacturing the
semiconductor storage device in the embodiment 4 of this
invention;

FIG. 87 is a partial three dimensional schematic view illus-
trating one example of the method for manufacturing the
semiconductor storage device in the embodiment 4 of this
invention;

FIG. 88 is a partial cross-sectional view of a memory cell
array in an embodiment 5 of this invention; and

FIG. 89 is a partial cross-sectional view of the memory cell
array in the embodiment 5 of this invention.

DESCRIPTION OF EMBODIMENTS

Hereinafter, embodiments of this invention are described
in detail based on the drawings. In all drawings for illustrating
the embodiments, the same reference sign is assigned for a
member having the same function and repeated description
thereof is omitted. It is previously described that sections in
which characteristic constitution is described are not limited
to each embodiment, and a similar effect is obtained when
common constitution is formed.

Embodiment 1

As illustrated in FIG. 1, a semiconductor storage device in
the embodiment 1 of this invention includes an I/O interface
1001 providing an input-output buffer and the like for output-
ting and inputting data, a memory cell array 1002, a plurality
of power supplies 1003-1006 for supplying a plurality of
different voltages, a voltage selector 1007 for selecting the
voltage from the power supplies 1003-1006, a line selector
1008 for selecting connection points of output from the volt-
age selector 1007 from wires such as a bit line and a word line
of'the memory cell array 1002, and a control circuit 1009 for
controlling the whole deceive. A readout circuit 1010 having
a sense amplifier and the like is connected to the line selector
1008.

When data is inputted from an external device to the I/O
interface 1001, the control circuit 1009 selects a voltage for
data programming using the voltage selector 1007, generates
voltage pulse using any one of the power supplies 1003-1006,
and supplies the voltage pulse to a predetermined wire of the
memory cell array 1002 using the line selector 1008. Thereby,
the data inputted into a phase change memory cell of the
memory cell array is programmed.

When a read signal of data is inputted from the external
device to the I/O interface 1001, the control circuit 1009
selects a voltage for reading data using the voltage selector
1007, generates the voltage using any one of the power sup-
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plies 1003-1006, and supplies the voltage into a predeter-
mined wire of the memory cell array 1002 using the line
selector 1008. As a result of the voltage supply, read current is
read by the readout circuit 1010. This reproduces the stored
data and the data are sent to the external device through the
control circuit 1009 and the 1/O interface 1001.

FIG. 2 is a partial three dimensional schematic view of the
semiconductor storage device in the embodiment 1, and illus-
trates a part of the memory cell array, wires and contacts. A
part constituted by a word line 2 made of a metal wire; a
contact hole WLC for connecting the word line 2 and the line
selector illustrated in FIG. 1; a polysilicon diode PD made of
a polysilicon layer 4p in which a p-type impurity is doped, a
polysilicon layer 5p in which a low concentration impurity is
doped and a polysilicon layer 6p in which an n-type impurity
is doped; gate polysilicon layers 21p, 22p, 23p, 24p; metal
wires GL1, GL2, GL3, GL4 for supplying electricity to the
gate polysilicon, contacts GC1, GC2, GC3, GC4 for connect-
ing the gate polysilicon layers 21p, 22p, 23p, 24p and the
metal wires GL1, GL2, GL3, GL4, respectively; contacts
GLC1, GLC2, GLC3, GLC4 for connecting the metal wires
GL1, GL2, GL3, GL4 and the line selector, respectively; a bit
line 3 made of a metal wire; a contact hole BLC for connect-
ing the bit line 3 and the line selector illustrated in FIG. 1; an
insulator film layer 11 between the polysilicon diode PD and
the gate polysilicon layer 21; insulator film layers 12, 13, 14
between the gate polysilicon layers; and an insulator film 15
between the gate polysilicon layer 24p and the bit line 3 is
illustrated in FIG. 2.

FIG. 3 is a view illustrating a part of the memory array MA
particularly extracted from FIG. 2. Above a plurality of word
lines 2, polysilicon diodes PD are periodically formed in an
extending direction of the word lines 2. Between the bit line 3
and the polysilicon diode PD, a hole (a connection hole)
passing through the gate polysilicon layers 21p, 22p, 23p, 24p
and inter-gate insulator film layers 11, 12, 13, 14, 15 is
formed. In the hole, a gate insulator film 9, a channel poly-
silicon layer 8p and a phase change material layer 7 are
embedded. The hole is formed in a region where the word line
2 and the bit line 3 intersect each other.

The semiconductor storage device of this invention stores
information by using a phenomenon in which phase change
materials such as Ge,Sb,Tes included in the phase change
material layer 7 has different resistivities in an amorphous
state and a crystal state. The phase change memory has higher
resistance in the amorphous state and has lower resistance in
the crystal state. Therefore, the read is performed by applying
voltage difference across the variable resistance type element,
measuring current flown through the element, and determin-
ing whether the resistance state of the element is high or low.

FIG. 4 is a graph illustrating temperature change of a
recording layer at the time of programming/erasing operation
of the phase change memory in the embodiment 1 of this
invention. An operation in which the phase change material is
changed from the amorphous state being high resistance to
the crystal state being low resistance, that is, the set operation,
and, on the other hand, an operation in which the phase
change material is changed from the crystal state being low
resistance to the amorphous state being high resistance, that
is, the reset operation are performed by temperature change
such as change in FIG. 4 is applied to the phase change
material. Specifically, the amorphous state of the phase
change material can be turned into the crystal state by heating
the material equal to or higher than the crystallization tem-
perature and maintaining the temperature for 10~ seconds or
more. On the contrary, the crystal state of the phase change
material can be turned into the amorphous state by heating the
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material up to a temperature equal to or higher than the
melting point to turn into a liquid state, and then rapidly
quenching.

FIG. 5 is a view illustrating a part extracted from the
memory cell array in the embodiment 1. The extracted view is
illustrated with a top view of one gate polysilicon layer 21p
and an equivalent circuit diagram corresponding to a part of
the memory cell array. Although an insulator film 32 is omit-
ted in FIG. 2 and FIG. 3 because of understandability, the
insulator film 32 is an insulator film embedded in space
between PDs. An operation of the memory cell is performed
as follows. Zero volts are biased to a gate line GL1 connected
to a selection cell SMC, and a transistor using a channel
polysilicon 8p as a channel is set to the OFF state. Five volt is
biased to gate lines GL2, GL3, GL4 connected to an unse-
lected cell USMC, and the transistor is set to the ON state.
Zero volts are applied to a bit line BL.1, and 5, 4, and 2 V are
biased to a word line WL1 at the time of the reset operation,
the set operation and the read operation, respectively. In the
unselected cell USMC, in which the transistor is in the ON
state, the channel has low resistance, and thereby current
flows through the channel polysilicon 8p. Almost same cur-
rent can be flown not depending on the state of the phase
change material 7 in the USMC part. In SMC, current flows
through the phase change material 7 because the transistor is
in the OFF state. At the time of the reset operation and the set
operation, the operations are performed by changing the
resistivity of the phase change material 7 because of current
flown through the phase change material 7 using SMC. At the
time of the read operation, the operation is performed by
determining a current value flown through the phase change
material 7 using SMC.

The memory cell array in the embodiment 1 is constituted
by a plurality of bit lines, word lines, vertical type chain
memories and polysilicon diodes PD. Therefore, the reset
operation, the set operation and the read operation are per-
formed by, for example as illustrated in FIG. 6, controlling
voltages of the bit lines BLL1, BL.2, BL.3, BL4; the word lines
WL1, WL2, WL3; and the gate signal lines GL1, GL2, GL3,
GL4. As similar to FIG. 5, voltages of WL1, that is, 5/4/2'V,
are voltages at the time of the reset operation, the set operation
and the read operation, respectively. Similarly, notations of
voltages of other terminals in FIG. 6 represent voltages at the
time of the reset operation, at the time of the set operation and
at the time of the read operation in this order. In the vertical
type chain memory in which the bit line side is connected to
BL2, BL3, or BL4 and the word line side is connected to
WL1, both voltages of the bit line and the word line are 5V at
the time of the reset operation, 4 V at the time of the set
operation, and 2 V at the time of the read operation. As a
result, current does not flow because the bit line and the word
line have no voltage difference. In the vertical type chain
memory in which the bit line side is connected to BL1 and the
word line side is connected to WL2 or WL3, both voltages of
the bit line and the word line are 0 V at the time of the reset
operation, at the time of the set operation, and at the time of
the read operation. As a result, current does not flow because
the bit line and the word line have no voltage difference. Inthe
vertical type chain memory in which the bit line side is con-
nected to BL2, BL3, or BL4 and the word line side is con-
nected to WL2or WL3,0V and 5V are biased to the word line
and the bit line respectively at the time of the reset operation;
0V and 4 V are applied to the word line and the bit line
respectively at the time of the set operation, and 0 V and 2V
are applied to the word line and the bit line respectively at the
time of the read operation. Voltages are biased in a reverse
bias direction of the polysilicon diode PD that selects the
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vertical type chain memory. Withstand voltage of PD can be
formed so as to be higher than 5V, and thereby, it is possible
that current does not flow.

Therefore, only the vertical type chain memory in which
the bit line side is connected to BL1 and the word line side is
connected to WL1 can bias the forward bias to PD to flow
current. As aresult, SMC in the memory array can be selected
and operated because SMC in the vertical type chain can be
selected and operated by the method described in FIG. 5.

As described above, each vertical type chain memory can
be formed in a region where the word line 2 and the bit line 3
intersect each other by serially connecting the vertical type
chain memory and the diode PD between the word line 2 and
the bit line 3, and thereby, what is called a cross point type
memory can be formed. As a result, the bit cost can be reduced
because the area above the plane of the memory cells can be
reduced and the memory cells can be more integrated. In the
constitution in Patent Literature 1, signal lines required to
have contacts outside of the memory array part are four types
of'lines, that is, a bit line, a gate, a word line and a source line.
In contrast, when the diode PD is used as described in this
embodiment, signal lines controlling a select transistor can be
eliminated and an area outside of the memory array part can
be reduced.

Here, it has been described that the voltages at the time of
the reset operation, at the time of the set operation, and at the
time of the read operation are determined as 5/4/2 'V, respec-
tively. The voltage becomes higher at the time of the reset
operation, at the time ofthe set operation and at the time of the
read operation in this order. However, required voltage for the
operations is varied depending on circuit elements used and
does not limited to the voltages of 5/4/2 V.

Asillustrated in FIG. 5, in a chain type memory array using
a phase change element 7, the gate polysilicon layers 21p,
22p, 23p, 24p and the insulator film layers 11,12, 13, 14, and
15 are alternately formed and the channel polysilicon layer 8p
and the phase change element are continuously provided at
the side surface of the gate polysilicon layers and the insulator
film layers. The current flown through the channel polysilicon
layer 8p or the phase change element 7 is switched by con-
trolling a gate voltage and thereby the phase change element
can store information.

This chain type phase change memory cell array is stacked
in a three dimensional manner in the height direction of the
semiconductor substrate. The stacked body has constitution
in which the stacked body has a connection hole connecting
upper surfaces and lower surfaces of the alternately formed
gate polysilicon layers 21p, 22p, 23p, 24p and insulator film
layers 11,12,13,14, 15, and a gate insulator film layer 9 being
formed so as to cover the gate polysilicon layers and the
insulator film layers and the phase change element 7 being
formed so as to cover the gate insulator film layer 9 exist on
the side surface of the connection hole. By this constitution,
as the number of the stacked layers in the height direction
increases, the number of the gate polysilicon layers covered
with the gate insulator film layer 9 and the phase change
element 7 that are formed by layer forming at the same time
increases. Therefore, this constitution has an effect which
increases the number of the memory cells formed at the same
time compared with the case in which the gate insulator film
layer 9 and the phase change element 7 are separately formed
in every gate polysilicon layer. As a result, the bit cost can be
reduced. In addition, by this constitution, the number of the
memory cells commonly using a pair of the bit line BL. and the
word line WL is increased, because the number of the
memory cells included in one vertical type chain memory
increases. As a result, the bit cost can be reduced.
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Another characteristic is in that the phase change material
layer is formed so as to cover the channel layer (the gate, the
channel and the phase change material layer are formed in this
order). A horizontal memory cell chain structure cannot help
forming the phase change material layer above the gate
because the channel is formed in the substrate. Therefore, a
contact to connect the channel layer and the phase change
material layer is required because the gate is needed to be
bypassed. On the other hand, in this embodiment, the phase
change material layer is formed so as to cover the channel
layer. Therefore, the gate is not needed to be bypassed, and
further reduction of memory cell size is possible because of
not providing the contact. This leads to reduction in the bit
cost.

Constitution in which thicknesses of the insulator film
layers 11, 12, 13, 14, 15 are thinner than those of the gate
polysilicon layers 21p, 22p, 23p, 24p is also possible. When
this constitution is formed as described above, in the channel
polysilicon layer 8p, a length in the vertical direction of the
channel polysilicon layer 8p formed on the surfaces of the
insulator film layers 11, 12, 13, 14, 15, which are difficult to
be affected by gate voltage, can be shortened. As a result,
conductance of the current path of the channel part can be
reduced and a programming/erasing operation can be per-
formed in low current.

On the other hand, when the thicknesses of the insulator
film layers 11,12, 13, 14, 15 are too thin, thermal disturbance
between adjacent memory cells each other may be generated
because programming/erasing regions of the phase change
material 7 become close. Therefore, change in the thicknesses
of the insulator film layers 11, 12, 13, 14, 15 provides a
trade-off relationship between reduction in the channel con-
ductance and the thermal disturbance. In such a case, use of a
high dielectric constant material such as SiN for the insulator
film layer 11, 12, 13, 14, 15 can provide strong inversion of
the channel layer positioned between the gate polysilicon
layers. Current of the channel layer increases and an effective
programming/erasing operation can be performed without
reduction in the thicknesses of the insulator film layer 11, 12,
13, 14, 15. It goes without saying that reduction in the thick-
nesses of the insulator film layers 11, 12, 13, 14, 15 in such a
degree that the thermal disturbance is not generated and use of
the high dielectric constant material such as SiN for the insu-
lator film layers are also possible.

Hereinafter, a method for manufacturing the semiconduc-
tor storage device in the embodiment 1 is described by using
FIG. 7 to FIG. 28.

As illustrated in FIG. 7, an interpoly dielectric film 30, a
tungsten film layer 2 turning into a word line, an amorphous
silicon layer 4a in which a p-type impurity is doped, an
amorphous silicon layer 5a in which a low concentration
impurity is doped, an amorphous silicon layer 6a in which an
n-type impurity is doped are formed in this order above a
semiconductor-substrate 1 in which peripheral circuit and a
word line contact WLC are formed.

Subsequently, as illustrated in FIG. 8, the formed film is
patterned in a stripe-shaped pattern, which extends in a word
line direction. This patterning is collectively performed from
the amorphous silicon layers 4a, 5a, and 6a to the word line in
a self-aligned manner at the same time. Therefore, stack
misalignment between the word line and each layer of an
amorphous silicon pillar is not generated in the word line
direction, and thereby the reliability for the memory program-
ming/erasing operation can be enhanced.

Subsequently, the space illustrated in FIG. 8 is embedded
with an insulator film 31 as illustrated in FIG. 9. Thereafter,
the insulator film 31 is patterned in a stripe-shaped pattern
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perpendicular to the extending direction of the word line 2. At
this time, only the insulator film 31 and the amorphous silicon
layers 4a, 5a, 6a are patterned, and the word line 2 made from
tungsten is not patterned.

Subsequently, as illustrated in FIG. 11, the space illustrated
in FIG. 10 is embedded with an insulator film 32. Thereafter,
as illustrated in FIG. 12, upper parts of the insulator films 31,
32 are removed by a chemical mechanical polishing method
(CMP), and the upper surface of 6a is exposed. In the stage of
FIG. 12, the word line and the amorphous silicon pillar
formed in a self-aligned manner to the word line are formed.

In the three dimensional views described below, illustra-
tion of the insulator films 31, 32 are omitted because of
understandability. As illustrated in FIG. 13, the insulator film
layer 11, an amorphous silicon layer 21a, the insulator film
layer 12, an amorphous silicon layer 22a, the insulator film
layer 13, an amorphous silicon layer 23a, the insulator film
layer 14, an amorphous silicon layer 24a and the insulator
film layer 15 are formed in this order.

Subsequently, as illustrated in FIG. 14, a hole 50 from the
upper surface of the stacked film formed in FIG. 13 to the
upper surface of 6a of the amorphous silicon pillar is formed.

At this time, the area of the upper surface part of the
amorphous silicon layer 6a may be set to, almost same area of
the lower surface part of the hole 50. However, the area of the
upper surface part of the amorphous silicon layer 6a may be
set larger by setting the width of the space of the amorphous
silicon layer 6a smaller (or each width of the amorphous
silicon layer 6a in the word line direction and the bit line
direction may be set larger than each width of the hole 50 in
the word line direction and the bit line direction). Thereby,
even if positions of the lower surface of the hole 50 and the
upper surface of the amorphous silicon layer 6a is misaligned,
a margin to the misalignment can be ensured because the
upper surface of the amorphous silicon layer 6a is larger.
Variation of contact area to the channel polysilicon layer
embedded in to the hole 50 can be reduced, and reduction in
the current path between the channel polysilicon layer and the
upper surface of the amorphous silicon layer 6a can be sup-
pressed.

Although omitted in FIG. 14, as illustrated in FIG. 5 and
FIG. 12, the insulator films 31, 32 are embedded around the
circumference of the amorphous silicon layers 4a, 5a, 6a.
When positions of the lower surface of the hole 50 and the
upper surface of the amorphous silicon layer 6a are mis-
aligned, not only the amorphous silicon layer but also the
insulator film layers 31, 32 may be etched at the time of
etching to form the hole 50. In such a case, it is better to use
materials having different etching selectivity ratios between
the insulator film layer 11 and the insulator film layers 31, 32.
Thereby, at the time of forming the hole 50, mistaken etching
of'the insulator film layers 31, 32 from an adjacent area of the
interface of the amorphous silicon layer 6a is reduced. There-
fore, penetration of other materials into space generated by
the etching is prevented, and thereby reliability of the
memory operation can be enhanced. For example, the above-
described effect can be obtained by using SiN for the insulator
film layer 11 and SiO, for insulator film layers 31, 32 as
examples of the materials having different etching selectivity
ratios.

Subsequently, as illustrated in FI1G. 15, the insulator film 9
is formed so as not to completely plug the hole 50. The gate
insulator film 9 turns into a gate insulator film. FIG. 16 is a
cross-sectional view taken by a plane perpendicular to the
semiconductor substrate along the word line 2 in FIG. 15.
Subsequently, as illustrated in FIG. 17, the insulator film 9
above the insulator film 15 and a bottom part of the hole 50,
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that is, the insulator film 9 of the upper surface of the amor-
phous silicon 6a are removed by etch back. FIG. 18 is a
cross-sectional view along the word lines 2 of the FIG. 17.

Subsequently, an amorphous silicon layer 8a turning into
the channel polysilicon layer 8p and an insulator film 51 are
formed. As illustrated in FIG. 19, the amorphous silicon layer
8a is formed so as not to completely plug the hole 50, and the
insulator film 51 is formed so as to completely plug the hole
50. FIG. 20 is a cross-sectional view taken by a plane perpen-
dicular to the semiconductor substrate along the word line 2 in
FIG. 19.

Subsequently, as illustrated in FIG. 21, arsenic (As) or
phosphorus (P) being an n-type impurity is implanted by ion
implantation to dope into the amorphous silicon layer 8a on
the upper surface. In the amorphous silicon layer 8a, an
ion-doped part is defined as an amorphous silicon layer 38a.
At this time, a doping depth of As or P is made to reach to not
only the upper surface of the insulator film layer 15 but also a
part of the side surface. The purpose of this process is to
prevent increase in contact resistance to the bit line 3
described below. However, the doping is not performed down
to the amorphous silicon layer 8a formed on the side surface
part of the amorphous silicon layer 24a so as not to interfere
with the gate operation of the amorphous silicon layer 24a.

Subsequently, crystallization of amorphous silicon layers
4a, Sa, 6a, 8a, 38a, 21a, 22a, 23a, 24a and activation of
impurities included in the amorphous silicon layers are per-
formed by annealing. As illustrated in FIG. 22, the amorphous
silicon layers 4a, 5a, 6a, 8a, 38a, 21a, 22a, 23a, 24a turn into
polysilicon layers 4p, 5p, 6p, 8p, 38p, 21p, 22p, 23p, 24p,
respectively.

Subsequently, as illustrated in FIG. 23, the insulator film 51
is removed to expose the polysilicon layer 8p, 38p. Subse-
quently, as illustrated in FIG. 24, a film of the phase change
material 7 is formed so that the hole 50 is completely plugged.

Here, constitution having the insulating material contacted
to the phase change material 7 at the center of the hole, formed
in such a manner that the hole 50 is completely plugged by
stopping the film formation of the phase change material 7
before the hole 50 is completely plugged with the phase
change material 7 and further forming a film of the insulating
material, is also possible. When the gate turns OFF at the time
of the memory operation and current is flown through the
phase change material 7, an insulating material is formed
inside of the phase change material 7 and thereby the current
is not flown through a part in which the insulating material is
formed. Therefore, a region where resistivity variation occurs
can be reduced by partially limiting paths of current flown
through the phase change material 7. This generates an effect
in which the memory operation can be performed by less
current.

Subsequently, as illustrated in FIG. 25, the phase change
material 7 in the upper surface is removed by etch back. At
this time, an altitude of the top surface of the phase change
material 7 is set lower than that of the top surface of the
insulator film 15. Thereafter, as illustrated in FIG. 26, BLC in
FIG. 2, that is, the contact BLC that connects the bit line 3 and
peripheral circuit previously formed above the semiconduc-
tor substrate is formed. Subsequently, a film of a material that
is patterned to the bit line 3 later is formed. The material
patterned to the bit line 3 later and the n-type polysilicon layer
38p are patterned in a stripe shape extending in a direction
perpendicular to the word line 2 to expose the top surface of
the insulator film layer 15, and thereby the bit line 3 is con-
stituted as illustrated in FIG. 3. FIG. 27 is a cross-sectional
view along the word line 2 illustrated in FIG. 26. A part of the
bit line 3 illustrated in FIG. 27 is embedded into the hole 50,
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because the altitude of the top surface of the phase change
material 7 is set lower than that of the top surface of the
insulator film 15. FIG. 28 is a cross-sectional view along the
bit line 3 illustrated in FIG. 26.

As illustrated in FIG. 29, even if alignment of the bit line 3
and the hole 50 is misaligned and the upper part of the hole 50
is etched, etching of the inside of the hole 50 can be prevented
by stopping the patterning of the bit line 3 and the n-type
polysilicon layer 38p at the time of exposition of the insulator
film layer 15.

As described in the description of FIG. 25, the constitution
in which a height of the top surface of the phase change
material 7 is set higher than that of the top surface of the
insulator film 15 and set lower than that of the upper surface
of'the insulator film 15, and a part of the material of the bitline
3 is formed so as to be in contact with the upper surface of the
phase change material 7 can be formed. By this constitution,
the area with which the bit line 3 contacting to the upper
surface of the phase change material 7 is in contact is not
changed, even if misalignment of the stacked layer between
the bit line 3 and the phase change material 7 is generated.
Therefore, this process has an effect in which increase in
resistivity caused by reduction in the contact area can be
suppressed. Thereafter, the gate polysilicon layers at the end
of the memory array are patterned so as to form contacts for
each layer as illustrated in FIG. 2 and the whole part is
embedded with the interpoly dielectric film. The contacts
GC1, GC2, GC3, GC4 reaching to the gate polysilicon layers
21p, 22p, 23p, 24p, the gate signal lines GL1, GL2, GL3,
GL4, and contacts GLC1, GLC2, GLC3, GLC4 connecting
the gate signal lines and the peripheral circuit are formed.

In the views, the example in which the four-layer stacked
gate polysilicon is illustrated. However, the number of the
stacked layers is not limited to four, and any number of the
stacked layers can be determined.

The effect of the embodiment 1 is illustrated in FIG. 30.
Patterning processes per unit memory cell can be reduced and
the number of the steps can be reduced because the gate
insulator films and the phase change material layers can be
formed at the same time even when the number of the stacked
layers is increased. As a result, the bit cost by stacking can be
effectively reduced.

By using, for the memory cell, the variable resistance mate-
rial that varies the resistivity by current, the bit cost of this
memory can be reduced compared with a bit cost of a flash
memory when the number of the stacked layers is the same.
This is because reduction of this memory cell size is easy,
because a low voltage operation is possible.

In addition, the bit cost can be reduced by increasing the
degree of integration because the diode PD is used as a selec-
tion element to select the vertical type chain.

Embodiment 2

In the embodiment 2, an example of the semiconductor
storage device in which gate polysilicon layers 21p, 22p, 23p,
24p, 61p, and the insulator film layer 11 formed between the
polysilicon diode PD and the gate polysilicon, the insulator
film layers 12, 13, 14, 15 between the gate polysilicon layers,
and an insulator film 7 between the gate polysilicon and the
bit line 3, which are components of the memory array of the
vertical type chain memory, are patterned in a stripe shape in
parallel to the word line 2 is illustrated.

FIG. 31 is a partial three dimensional schematic view of the
semiconductor storage device in the embodiment 2. The view
illustrates a part of the memory cell array, wires and contacts.
The part constituted by the word line 2 made of a metal wire;
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the contact hole WLC connecting the word line 2 and the line
selector illustrated in FIG. 1; the polysilicon diode PD made
of'a polysilicon layer 4p in which a p-type impurity is doped,
a polysilicon layer 5p in which a low concentration impurity
is doped and a polysilicon layer 6p in which an n-type impu-
rity is doped; the gate polysilicon layers 21p, 22p, 23p, 24p of
a memory cell, the gate polysilicon layer 61p of a select
transistor; the metal wires GL.1, GL.2, GL3, GL4 for supply-
ing electricity to the gate polysilicon layers of the memory
cells; metal wires STGL1, STGL2 for supplying electricity to
the gate polysilicon layer 61p of the select transistor; the
contacts GC1, GC2, GC3, GC4 for connecting the gate poly-
silicon layers 21p, 22p, 23p, 24p and the metal wires GL1,
GL2, GL3, GLA4, respectively; contacts STGC1, STGC2 for
connecting the gate polysilicon layer 61p of the select tran-
sistor and the wires STGL1, STGL2; contacts GLC1, GLC2,
GLC3, GLC4 for connecting the metal wires GL, GL.2, GL3,
GL4 and the line selector, respectively; STGLC1 and
STGLC2 for connecting the wires STGL1, STGL2 and the
line selector; the bit line 3 made of a metal wire; the contact
hole BLC for connecting the bit line 3 and the line selector
illustrated in FIG. 1; the insulator film layer 11 between the
polysilicon diode PD and the gate polysilicon layer 21; the
insulator film layers 12, 13, 14, 15 between the gate polysili-
con layers; and an insulator film 71 between the gate poly-
silicon layer 61p and the bit line 3 is illustrated in FIG. 31.
Although a part of the constituents, that is, GLC4, STGLC1
and STGLC2 are not illustrated because GLC4, STGLC1 and
STGLC2 are hidden by the wires GL1, GL2 and the like,
GLC4, STGLC1 and STGLC2 are connected to the lower part
of GL4, STGL1 and STGL2, respectively, similar to GLC1,
GLC2, GLC3 being connected to the lower part of GL.1, GL.2
and GL3, respectively.

In the gate polysilicon layer 21p in the memory cell, all
adjacent stripe patterns are connected to the same wire GL1.
The gate polysilicon layers 22p, 23p, 24p have similar struc-
tures. The gate polysilicon layer 61p of the select transistor is
connected to the two wires STGL1 and STGL2 which are
insulated each other in every one stripe, and voltage can be
independently biased.

FIG. 32 is a view particularly illustrating a part of the
memory array MA extracted from FIG. 31. Above a plurality
of word lines 2, polysilicon diodes PD are periodically
formed in an extending direction of the word lines 2. A
stacked film made of the gate polysilicon layers 21p, 22p,
23p, 24p, 61p and the insulator film layers 11, 12, 13, 14, 15,
71 is patterned in a stripe shape in a direction parallel to the
word line 2. The line parts of the stripes of the stacked film
made of the gate polysilicon layers 21p, 22p, 23p, 24p, 61p
and the insulator film layers 11,12, 13,14, 15, 71 are arranged
just above the spaces between the word lines, and the space
parts of the stripes of the insulator film layers of the gate
polysilicon layers 21p, 22p, 23p, 24p, 61p and the insulator
film layers 11, 12, 13, 14, 15, 71 are arranged just above the
word lines. The bit lines 3 are the stripe shape extending in the
direction perpendicular to the word lines 2, and are arranged
above the insulator film 71 through the n-type polysilicon
38p.

In the lower part of the bit lines 3 in the space parts of the
stacked film made of the gate polysilicon layers 21p, 22p,
23p, 24p, 61p and the insulator film layers 11, 12, 13, 14, 15,
71, the gate insulator film 9, the channel polysilicon layer 8p,
aninsulator film layer 10, and the phase change material layer
7 are stacked in this order in the lower part of the sidewalls of
the gate polysilicon layers 21p, 22p, 23p, 24p, the sidewalls of
the insulator film layers 11, 12, 13, 14 and the sidewall of the
insulator film 15. The insulator film layer 10 is a layer to



US 9,385,320 B2

17

prevent diffusion between the phase change material layer 7
and the channel polysilicon layer 8p. An insulator film layer
91 is embedded between the both side surfaces of the phase
change material layers 7. The gate insulator film layer 9 and
the channel polysilicon layer 8p are stacked at the upper part
of the sidewall of the insulator film layer 15 and the lower
parts of the gate polysilicon layer 61p and the insulator film
layer 71. An insulator film layer 92 is embedded between the
both side surfaces of the channel polysilicon layers 8p, and
the gate insulator film layer 9 and the channel polysilicon
layer 38p are stacked at the upper part of the insulator film
layer 71. The insulator film layer 92 is embedded between the
both side surfaces of the channel polysilicon layers 8p. At the
bottom part of the lower part of the bit line 3 in the space of the
stacked film made of the gate polysilicon layers 21p, 22p,
23p, 24p, 61p and the insulator film layers 11,12, 13, 14, 15,
71, the upper surface of the polysilicon layer 6p and the
channel polysilicon layer 8p are contacted. The bit line 3 and
the polysilicon diode PD communicate each other at the side
surfaces of the both sides of the stacked film made of the gate
polysilicon layers 21p, 22p, 23p, 24p, 61p and the insulator
film layers 11,12, 13, 14, 15, 71 through the polysilicon layer
38p, the channel polysilicon layer 8p and the polysilicon
diode PD.

In the space part of the stacked film made of the gate
polysilicon layers 21p, 22p, 23p, 24p, 61p and the insulator
film layers 11, 12, 13, 14, 15, 71 and the lower part of the
space part of the bit lines 3, the channel polysilicon layers 8p,
38p, the phase change material layer 7 and the insulator film
layer 10 are removed to form a space part for the polysilicon
diode PD above the word line 2. In this space part, an insulator
film 33 is embedded. More specifically, the channel polysili-
con layer 8p, 38p, the phase change material layer 7, and the
insulating layer 10 are formed in a region surrounded by the
stacked film made of the gate polysilicon layers 21p, 22p,
23p, 24p, 61p and the insulator film layers 11,12, 13, 14, 15,
71 and the insulating layer 33 (hereinafter referred to as a
“connection hole” in the specification).

InFIG. 33, apart extracted from the memory cell array MA
in the embodiment 2 is illustrated. The extracted view is
illustrated with a top view of one gate polysilicon layer 21p
and an equivalent circuit diagram. Although the insulator film
layer 32 is omitted in FIG. 31 and FIG. 32 because of under-
standability, the insulator film 32 is an insulator film embed-
ded in the space between PDs. An operation of the memory
cell is performed as follows. Zero volts are biased to a gate
line GL1 connected to the selected cell SMC, and a transistor
determining the channel polysilicon layer 8p as a channel is
set to the OFF state. Five volt is biased to a gate lines GL.2,
GL3, GL4 not connected to the selected cell SMC, and a
transistor is set to the ON state. Zero volts are biased to a bit
lineBL1, and 5, 4 and 2'V are biased to a word line WL1 at the
time of the reset operation, the set operation and the read
operation, respectively. In the gate polysilicon of the select
transistor, 5 V is biased to a gate in which SMC is connected,
that is, STGL1, and the transistor is set to the ON state. Zero
volts are biased to the gate in which SMC is not connected,
that is, STGL2, and the transistor is set to the OFF state.

In the unselected cell USMC1, in which the transistor is in
the ON state, the channel has low resistance. The channel
polysilicon layer 8p of STGL1, which is in the ON state, also
has low resistance. Almost same current can be flown not
depending on the state of the phase change material layer 7 in
the USMC1 part. In SMC, current flows through the phase
change material layer 7 because the transistor is in the OFF
state. At the time of the reset operation and the set operation,
the operations are performed by changing the resistivity of the
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phase change material 7 because of current flown through the
phase change material layer 7 using SMC. At the time of the
read operation, the operation is performed by determining a
current value flown through the phase change material layer 7
using SMC. The transistor of USMC2 is in the OFF state and
the transistor in USMC3 is in the ON state, because the
transistors of the unselected cell USMC2 and unselected cell
USMC3 have common gate voltage with the transistors of
SMC and USMCI1, respectively. Current passing through
USMC2 and USMC3 is not flown, because the select transis-
tor in which STGL 2 is connected to the gate polysilicon layer
61p is in the OFF state. Therefore, only in SMC, current flows
through the phase change material layer 7, and selective
operation is possible.

The memory cell array in the embodiment 2 is constituted
by a plurality of bit lines, word lines, vertical type chain
memories and polysilicon diodes PD. In FIG. 34, relations of
voltages among the bit lines BL1, BL.2, BL3, BL4, the word
lines WL1, WL2, WL3, WL4, the gate signal lines GL.1, GL.2,
GL3, GL4, and the gate signal lines STGL1, STGL2 at the
time of performing the reset operation, the set operation and
the read operation are illustrated.

Similar to FIG. 33, voltages of WL1, that is, 5/4/2 'V, are
voltages at the time of the reset operation, the set operation
and the read operation, respectively. Similarly, notations of
voltages of other terminals in F1G. 34 represent voltages at the
time of the reset operation, at the time of the set operation and
at the time of the read operation in this order. In the vertical
type chain memory in which the bit line side is connected to
BL2, BL3, or BL4 and the word line side is connected to
WL1, both voltages of the bit line and the word line are 5V at
the time of the reset operation, 4 V at the time of the set
operation, and 2 V at the time of the read operation. As a
result, current does not flow because the bit line and the word
line have no voltage difference. In the vertical type chain
memory in which the bit line side is connected to BL1 and the
word line side is connected to WL2 or WL3, both voltages of
the bit line and the word line are 0 V at the time of the reset
operation, at the time of the set operation, and at the time of
the read operation. As a result, current does not flow because
the bit line and the word line have no voltage difference. Inthe
vertical type chain memory in which the bit line side is con-
nected to BL2, BL3 or BL4 and the word line side is con-
nected to WL2or WL3,0V and 5V are biased to the word line
and the bit line respectively at the time of the reset operation;
0 V and 4 V are biased to the word line and the bit line
respectively at the time of the set operation; and 0 V and 2V
are biased to the word line and the bit line respectively at the
time of the read operation. Voltages are biased in a reverse
bias direction of the polysilicon diode PD that selects the
vertical type chain memory. Withstand voltage of PD can be
formed so as to be higher than 5V, and thereby, it is possible
that current does not flow.

Only the vertical type chain memory in which the bit line
side is connected to BL1 and the word line side is connected
to WL1 can bias the forward bias to PD to flow current. As a
result, SMC in the memory array can be selected and operated
because SMC in the vertical type chain can selected and
operated by the method described in FIG. 33.

In order to describe a shape of the phase change element
viewing from the upper aspect, a cross-sectional view of the
vertical type chain memory taken along the horizontal surface
is illustrated in FIG. 33.

As one of the characteristics of this structure, the phase
change material layer 7 is isolated by the insulating layer 91
formed inside of the connection hole into a first region and a
second region which are in contact with the surface of the
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other channel polysilicon layer 8p facing each other. Further,
the constitution in which switches that turn on and off the
current flown through the two channel polysilicon layers 8p
are arranged above each current path, and each current
applied to the right and left phase change material layers is
independently controlled is formed. By this constitution,
when the channel polysilicon layer 8p formed on one surface
turns off by the gate operation, current is flown through the
first region of the phase change material layer 7, and current
is not flown through the second region which is in contact
with the surface of the other channel polysilicon layer 8p
facing each other. Therefore, the memory cell in the embodi-
ment 2 has an effect which can store two-bit information and
can store double amount of information in one connection
hole compared to the memory cell in the embodiment 1 and
thereby the bit cost can be reduced. Constitution in which
each of right and left gate signal lines GL1, GL.2, GL3, and
GL4 is independently controlled may be employed. In this
case, the bit cost can also be reduced because the right and left
current paths formed in one connection hole can be indepen-
dently controlled. However, more driving circuits are
required for independently controlling the right and left gate
signal lines. Therefore, it is desirable from the viewpoint of
peripheral circuit reduction that the right and left channel
polysilicon layers are controlled by the same driving circuit as
described in the embodiment 2.

As clear from the circuit diagram, the constitution in which
two vertical type chain memories are connected to one diode
PD s formed. The diode PD acts as a selection element which
selects the connected vertical type chain memory depending
on the voltage relationship between the word line 2 and the bit
line 3. Therefore, it also can be said that the constitution in
which two vertical type chain memories share one diode is
formed in this embodiment. By this constitution, the number
of bits to one diode PD can be increased. This leads to reduc-
tion in the bit cost.

Another characteristic of this structure is in that each layer
formed in the connection hole is in contact with insulating
layers isolating the connection hole. More specifically, the
phase change material layer 7 and other layers are formed on
the side surface of the polysilicon layer 24p, and films formed
thereafter are formed in a direction in which a gap of two
facing surfaces is embedded because the direction in which
film thickness is increased by crystal growth is a direction in
which the two surface are facing each other. By this consti-
tution, a film is not formed in a direction in which the holes are
embedded to the center of the hole from all directions, such as
the memory cell described in Patent Literature 1 and the
embodiment 1. Therefore, the direction in which the film
thickness is increased by the crystal growth is only the direc-
tion in which two surfaces are facing each other, and thereby
design and patterning of the width is not required with con-
sideration of formed film thickness in a direction orthogonal
to the direction in which two surfaces are facing each other.
Therefore, the memory cell can be formed, not depending on
the film thickness in the perpendicular direction, in the mini-
mum feature size. Consequently, this constitution has an
effect which increases cell density per unit area, and thereby
the bit cost can be reduced. Considering this characteristic,
the phase change region is not required to be isolated into the
right side and the left side by the insulating layer 91. If the
phase change material layer 7 is formed as one region, the
feature size in the word line direction can be maintained in the
minimum feature size. As a result, this constitution can obtain
the effect to increase the cell density compared to the embodi-
ment 1.
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Hereinafter, one example of a method for manufacturing
the semiconductor storage device in the embodiment 2 is
described by using FIG. 35 to FIG. 52. In the process similar
to FIG. 7 to FIG. 9, the interpoly dielectric film 30, the
tungsten film layer 2 turning into the word line, the amor-
phous silicon layer 4a in which a p-type impurity is doped, the
amorphous silicon layer 5a in which a low concentration
impurity is doped, the amorphous silicon layer 64 in which an
n-type impurity is doped are formed in this order above the
semiconductor substrate 1 in which peripheral circuit and a
word line contact WLC are formed. Thereafter, the formed
film is patterned in a stripe-shaped pattern which extends in a
word line direction and the space of the pattern is embedded
by the insulator film 31. This patterning is collectively per-
formed from the amorphous silicon layers 4a, 5a, and 6a to
the word line in a self-aligned manner at the same time.
Therefore, stack misalignment between the word line and
each layer of an amorphous silicon pillar is not generated in
the word line direction, and thereby the reliability for the
memory programming/erasing operation can be enhanced.
Subsequently, the upper part of the insulator film 31 is
removed by the CMP method to planarize, and the upper
surface of the amorphous silicon layer 64 is exposed.

Subsequently, as illustrated in FIG. 36, the insulator film
layer 11, the amorphous silicon layer 21a, the insulator film
layer 12, the amorphous silicon layer 22a, the insulator film
layer 13, the amorphous silicon layer 23a, the insulator film
layer 14, the amorphous silicon layer 24a, the insulator film
layer 15, the amorphous silicon layer 61a, and the insulator
film layer 71 are formed in this order. Subsequently, as illus-
trated in FIG. 37, the stacked film formed in FIG. 36 is
patterned in a stripe-shaped pattern parallel to the extending
direction of the word line 2. At this time, the stacked film
made of the insulator film 11, the amorphous silicon layer
21a, the insulator film layer 12, the amorphous silicon layer
22a, the insulator film layer 13, the amorphous silicon layer
23a, the insulator film layer 14, the amorphous silicon layer
24a, the insulator film layer 15, the amorphous silicon layer
61a, and the insulator film layer 71 is patterned so as to
arrange the space part of the stripe just above the word line 2.

At this time, the stacked film made of the insulator film 11,
the amorphous silicon layer 21a, the insulator film layer 12,
the amorphous silicon layer 224, the insulator film layer 13,
the amorphous silicon layer 234, the insulator film layer 14,
the amorphous silicon layer 24a, the insulator film layer 15,
the amorphous silicon layer 61a, and the insulator film layer
71 may be formed narrower than the insulating material 31.
This constitution provides an effect in which, when the insu-
lator film 9 described below is formed, the space part of the
stripe of the stacked film can be set not shorter than the
amorphous silicon layers 4a, 5a, 6a, and thereafter, when the
stacked film is patterned in a stripe shape in the direction of
the bit line, a part of the amorphous silicon layers 4a, 5a, 6a
can be prevented from being removed and remaining, and
reliability of the memory operation can be enhanced.

Subsequently, as illustrated in FIG. 38, an insulator film 9
is formed so as not to completely plug the space patterned in
FIG. 37. Thereafter, as illustrated in FIG. 39, the insulator
film 9 above the insulator film 71 and the insulator film 9 on
the upper surface of the amorphous silicon 64 are removed by
etch back.

Subsequently, an amorphous silicon layer 8a turning into
the channel polysilicon layer 8p and the insulator film layer
51 are formed. As illustrated in FIG. 40, the amorphous
silicon layer 8a is formed so as not to completely plug the
space, and the insulator film layer 51 is formed so as to
completely plug the space.
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Subsequently, as illustrated in FIG. 41, arsenic (As) or
phosphorus (P) being an n-type impurity is implanted by ion
implantation to dope into the amorphous silicon layer 8a on
the upper surface. The doped amorphous silicon layer is
determined as amorphous silicon 38a. The doping of As or P
is performed so as not to be spread in a part lower than the
upper surface of the amorphous silicon layer 61.

Subsequently, crystallization of amorphous silicon layers
4a, 5a, 6a, 8a, 38a, 21a, 22a, 23a, 24a and activation of
impurities included in the amorphous silicon layers are per-
formed by annealing, and then the insulator film 51 is
removed. As illustrated in FIG. 42, the amorphous silicon
layers 4a, 5a, 6a, 8a, 38a, 21a, 22a, 23a, 24a turn into
polysilicon layers 4p, 5p, 6p, 8p, 38p, 21p, 22p, 23p, 24p by
the annealing, respectively.

Subsequently, as illustrated in FIG. 43, the insulator film
layer 10 and the phase change material layer 7 are formed so
as not to completely plug the space. Subsequently, as illus-
trated in F1G. 44, the insulator film layer 91 is formed so as to
completely plug the space.

Subsequently, as illustrated in FIG. 45, an altitude of the
top surface of the phase change material layer 7 is set lower
than that of the top surface of the insulator film layer 15 and
set higher than that of the lowest layer of the insulator film
layer 15 by the etch back. In order to prevent current flow to
the source and drain through the phase change material layer
7 when the gate of the gate polysilicon layer 61p is in OFF
state, the altitude of the top surface of the phase change
material 7 is set lower than that of the top surface of the
insulator film layer 15. In order to flow current to the source
and drain through the phase change material layer 7 when the
gate of polysilicon 24p formed just below the insulator film
layer 15 is in OFF state, the altitude of the top surface of the
phase change material 7 is set higher than that of the lowest
surface of the insulator film 15. A part of the insulator film
layer 91 is also removed at the same time. Subsequently, as
illustrated in FIG. 46, the insulator film layer 92 is embedded,
and as illustrated in FIG. 47, the top surface of the polysilicon
layer 38p is exposed by etch back.

Thereafter, BCL in FIG. 31, that is, a contact BLC which
connects the bit line 3 and the peripheral circuit previously
formed above the semiconductor substrate is formed. There-
after, as illustrated in FIG. 48, a film of a material which is
patterned to the bit line 3 later is formed.

Subsequently, as illustrated in FIG. 49, the material which
is patterned to the bit line 3 later and the n-type polysilicon
layer 38p, the insulator film layer 92, the channel polysilicon
layer 8p, the insulator film layer 10, the phase change material
layer 7, the insulator film layer 91, the polysilicon layers 6p,
5p, 4p are patterned in a stripe shape extending in the direc-
tion perpendicular to the word line 2. When the bit line 3 is
patterned in the stripe shape, the patterned parts of the stacked
film made of the gate polysilicon layers 21p, 22p, 23p, 24p,
61p and the insulator film layers 11, 12,13, 14, 15, 71 and the
gate insulator film layer 9 remain without patterning. How-
ever, the patterned parts of the channel polysilicon layer 8p,
38p, the phase change material layer 7 and the insulator film
layer 10 are removed. The polysilicon diode PD above the
word line 2 is collectively removed at the same time with the
above-described patterning in the stripe shape, and turn into a
space part. At this time, shapes of the polysilicon layers 6p,
5p, 4p become shapes as illustrated from FIG. 50(a) to FIG.
50(5).

A section seen from the extending direction of the word
line 2 in FIG. 49 is FIG. 51, and a section along the space of
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the word line 2 is FIG. 52. The polysilicon diode PD is formed
in a self-aligned manner to both of the word line 2 and the bit
line 3.

Patterns of the channel polysilicon layer 8p, the phase
change material layer 7 and the insulator film layer in the
vertical type chain memory are formed in a self-aligned man-
ner to the bit line 3. This process can prevent misalignment at
the time of stack compared to a process in which layers
having specific shape are sequentially formed, and has an
effect which enhances reliability of the memory program-
ming/erasing process. Further, by collectively patterning
from the bit line 3 to the upper surface of the word line 2 at the
same time, this part can be formed in a self-aligned manner to
the bit line 3 together with the polysilicon diode PD. There-
fore, this process has an effect which can reduce the manu-
facturing cost, because the number of masks for patterning
process can be reduced.

Thereafter, the gate polysilicons at the end of the memory
array are patterned so as to form contacts for each layer as
illustrated in FIG. 2 and the whole part including a part
patterned in the stripe shape is embedded with the interpoly
dielectric film. The contacts GC1, GC2, GC3, GC4 reaching
to the gate polysilicon layers 21p, 22p, 23p, 24p, the contacts
STGC1, STGC2 reaching to the gate polysilicon layer 61p,
the gate signal lines GL.1, GL.2, GL3, GL4, STGL1, STGL2,
and contacts GLC1, GLC2, GLC3, GLC4, STGLCI,
STGLC2 connecting the gate signal lines and the peripheral
circuit are formed and the semiconductor storage device is
constituted.

In the above description, constitution in which the amor-
phous silicon layer 61a is arranged in a higher layer than the
amorphous silicon layers 21a, 22a, 23a, 24a is described.
However, when the amorphous silicon layer 61a is arranged
in a lower layer than the amorphous silicon layers 21a, 224,
23a, 24a, the right and left channel polysilicon layers 9 in
FIG. 33 can be controlled. However, as in this embodiment,
arrangement of the amorphous silicon layer 61 in the higher
layer has an effect which reduces processes of embedding an
insulating material into the connection hole and patterning in
a stripe shape.

InFIG. 35 to FIG. 52, the amorphous silicon layers turning
into the channel polysilicon layers are formed in one process.
However, the amorphous silicon layers can be formed in two
processes or more. After the process of FIG. 38, an amor-
phous silicon layer 88a is formed before removing the insu-
lator film layer 9. Subsequently, as illustrated in FIG. 54, the
amorphous silicon layer 884 and the insulator film layer 9
above the insulator film layer 71 and on the upper surface of
the amorphous silicon layer 6a are removed by the etch back.
At this time, the process is performed so as not to remove the
insulator film layer 9 and the amorphous silicon layer 88a on
the sidewall of the space. Subsequently, an amorphous silicon
layer 894 is formed so as not to completely plug the space.
Thereafter, the nonvolatile semiconductor storage device is
constituted by performing processes similar to FIG. 40 to
FIG. 53.

FIG. 56 is a cross-sectional view along the bit line 3 when
the amorphous silicon layer turning into the channel polysili-
con layer is formed in two processes or more. When the
channel polysilicon is formed by crystallizing one layer of the
amorphous silicon layer, polysilicon grains may be formed as
illustrated in FIGS. 57(a) and 57(b). In this case, channel
resistance becomes extremely high because the path of chan-
nel current when the transistor is in ON state is completely
shielded by the grain boundary GRB1. When the channel
resistance is high, high voltage bias is required in order to



US 9,385,320 B2

23

apply current which is sufficient for the set operation and the
reset operation of the phase change material layer 7.

On the other hand, when a channel polysilicon is crystal-
lized after the channel polysilicon is formed by the two layers
of amorphous silicon layers 88a, 89a, crystals almost inde-
pendently grow because an extremely thin layer containing
oxygen is formed between the two layers 884, 894. Conse-
quently, the polysilicon grain boundaries are formed in dif-
ferent parts in the two layers such as GRB2 and GRB3 illus-
trated in FIGS. 57(c¢) and 57(d). From this, the low voltage
operation is possible because channel current of the path can
flow by bypassing the grain boundaries GBR2, GRB3 and
thereby increase in the channel resistance by the grain bound-
aries is small. Each film formation of the amorphous silicon
layers 88a, 89a is further separately formed in several times.

The method for separately forming the amorphous silicon
layer turning into the channel polysilicon layer in two pro-
cesses or more has further preferable point. When the amor-
phous silicon layer 88a is formed before removing the insu-
lator film layer 9 and thereafter the insulator film layer on the
upper surface of the amorphous silicon layer 6a is removed by
the etch back, the amorphous silicon layer 88a acts as a
protection film for the insulator film layer 9 because the
amorphous silicon layer 88a is formed at the surface of the
insulator film layer 9 formed on the sidewall part. Thereby,
damage of the insulator film layer 9 acting as a gate insulator
film can be reduced and reliability of the gate operation can be
enhanced. When the amorphous silicon layer 88a is used as
the protection film for the insulator film layer 9, the amor-
phous silicon layer 88a formed on the upper surface of the
amorphous silicon layer 6a is removed together with the
insulator film layer 9. Therefore, only the amorphous silicon
layer 89a formed thereafter remains on the upper surface of
the amorphous silicon layer 6a, and as a result, only this part
is formed as a single layer. On the other hand, when the
amorphous silicon layer 89q is used as a bypass of the grain
boundaries, the effect can also be obtained even when the
amorphous silicon layers 884, 89a are formed after removing
the insulator film layer 9. Therefore, constitution in which
two layers of channel layers are formed on the upper surface
of the amorphous silicon layer 6a may be formed.

In the example in FIG. 35 to FIG. 52, and the example in
FIG. 53 to FIG. 57, the constitution in which the insulator film
layer 9, the channel polysilicon (8p, or 88p and 89p), the
insulator film layer 10, the phase change material layer 7 and
the insulator film layer 91, 92 are embedded into a space part
of the stacked film made of the insulator film layer 11, the
amorphous silicon layer 214, the insulator film layer 12, the
amorphous silicon layer 224, the insulator film layer 13, the
amorphous silicon layer 23a, the insulator film layer 14, the
amorphous silicon layer 24a, the insulator film layer 15, the
amorphous silicon layer 61a, and the insulator film layer 71 is
formed. However, the constitution can be manufactured by
eliminating the insulator film layer 10 as illustrated in FIG.
58. This is realized by not forming the insulator film layer 10
in the process in FIG. 43.

Diffusion between the channel polysilicon 8p and the
phase change material layer 7 can be prevented by the pres-
ence of the insulator film layer 10. However, memory opera-
tion can be performed, even if the insulator film layer 10 is not
used. The process of forming the insulator film layer 10 can be
omitted by this constitution. Therefore, this constitution has
an effect which can reduce the bit cost compared to the
constitution having the insulator film layer 10.

Further, as shown in FIG. 59, it is possible that the channel
polysilicon layer is not formed in the space part of the stacked
film made of the insulator film layer 11, the amorphous sili-
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con layer 21a, the insulator film layer 12, the amorphous
silicon layer 22a, the insulator film layer 13, the amorphous
silicon layer 23a, the insulator film layer 14, the amorphous
silicon layer 24a, the insulator film layer 15, the amorphous
silicon layer 61a, and the insulator film layer 71. This is
realized by forming the phase change material layer 7 so as
not to completely plug the space after the process of FIG. 39.

This specification is described by using the constitution in
which the channel polysilicon layer 8p is formed between the
gate insulator film layer 9 and the phase change material layer
7 when the pass of the source and the drain is formed. How-
ever, the channel polysilicon layer 8p may not be provided
and a part of the phase change material layer 7 may be used for
the channel path. In this case, the part of the phase change
material layer 7 functions as a channel layer other than the
storage area. By this constitution, the process for forming the
channel polysilicon layer 8p can be omitted. Therefore, this
constitution has an effect which can reduce the bit cost com-
pared to the constitution in which a channel operation is
performed by using the channel polysilicon layer 8p.

In the example from FIG. 35 to 52, the example from FIG.
5310 FIG. 57, the example of FIG. 58 and the example of FIG.
59, the phase change material layer 7 is connected each other
between the memory cells adjacent in a direction perpendicu-
lar to the substrate. One example of the method for manufac-
turing the semiconductor storage device in which the phase
change material layer 7 is divided in each memory cell is
illustrated from FIG. 60 to FIG. 76

After the process in FIG. 36, when the stacked film layer
made of the insulator film layer 11, the amorphous silicon
layer 21a, the insulator film layer 12, the amorphous silicon
layer 22a, the insulator film layer 13, the amorphous silicon
layer 23a, the insulator film layer 14, the amorphous silicon
layer 24a, the insulator film layer 15, the amorphous silicon
layer 61 and the insulator film layer 71 is patterned in a stripe
shape, the amorphous silicon is isotropically etched as illus-
trated in FIG. 60 to form constriction of the amorphous sili-
con 21a, 22a, 23a, 24a, 61a. As illustrated in FIG. 61, the
insulator film layer 9 is formed so as not to completely plug
the space. Thereafter, as illustrated in FIG. 62, the insulator
film 9 above the insulator film 71 and the insulator film 9 on
the upper surface of the amorphous silicon 64 are removed by
the etch back, and the amorphous silicon layer 8a turning into
the channel polysilicon layer 8p is formed.

Subsequently, as illustrated in FIG. 63, tilted ion implan-
tation of As or P is performed at an angle 6 from the direction
perpendicular to the silicon substrate which has smaller slope
than the angle OMAX. As or P, which is an n-type impurity, is
doped to the amorphous silicon layer 8a on the right sidewalls
of the insulator film layers 11, 12, 13, 14, 15, 71 and the
amorphous silicon layer 8a at the upper surface of the insu-
lator film layer 71. This is performed for reducing the resis-
tance of the n-type polysilicon layer 38p on the right sidewalls
and facilitating the flow of current flowing through the n-type
polysilicon layer 38p. Subsequently, as illustrated in FIG. 64,
the tilted ion implantation of As or P is performed in the
reverse direction to FIG. 63. As or P, which is an n-type
impurity, is doped to the amorphous silicon layer 8a at the left
sidewalls of the insulator film layers 11,12, 13,14, 15,71 and
the amorphous silicon layer 8a on the upper surface of the
insulator film layer 71. Subsequently, as illustrated in FIG. 65,
the insulator film layer 51 is formed so as to completely plug
the space.

Subsequently, crystallization of amorphous silicon layers
4a, Sa, 6a, 8a, 38a, 21a, 22a, 23a, 24a and activation of
impurities included in the amorphous silicon layers are per-
formed by annealing, and then the insulator film 51 is
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removed. As illustrated in FIG. 66, the amorphous silicon
layers 4a, 5a, 6a, 8a, 38a, 21a, 22a, 23a, 24a turn into
polysilicon layers 4p, 5p, 6p, 8p, 38p, 21p, 22p, 23p, 24p,
respectively.

Subsequently, as illustrated in FIG. 67, the phase change
material layer 7 is formed so as not to completely plug the
space. Subsequently, as illustrated in FIG. 68, the insulator
film layer 52 is formed so as to completely plug the space.
Subsequently, as illustrated in FIG. 69, an altitude of the top
surface of the phase change material layer 7 is set lower than
that of the top surface of the insulator film layer 15 and set
higher than that of the lowest layer by the etch back. A part of
the insulator film layer 52 is also removed at the same time.

Subsequently, as illustrated in FIG. 70, the insulator film 52
is removed and the phase change material layer 7 is made to
remain on the sidewalls of the gate polysilicon 21p, 22p, 23p,
24p. Further, as illustrated in FIG. 71, the insulator film layer
91 is embedded and, as illustrated in FIG. 72, the top surface
of the polysilicon layer 38p is exposed by the etch back.

Thereafter, BLC in FIG. 31, that is, the contact BLC for
connecting the bit line 3 and the peripheral circuit previously
formed above the semiconductor substrate is formed. Subse-
quently, as illustrated in FIG. 73, a film of a material that is
patterned to the bit line 3 later is formed.

The material that is patterned to the bit line 3 later, and the
n-type polysilicon layer 38p, the insulator film layer 92, the
channel polysilicon layer 8p, the phase change material layer
7,the insulator film layer 91, and the polysilicon layers 6p, Sp,
4p are patterned in a stripe shape extending in the direction
perpendicular to the word line 2. When the bit line 3 is
patterned in the stripe shape, the patterned parts of the stacked
film made of the gate polysilicon layers 21p, 22p, 23p, 24p,
61p and the insulator film layers 11, 12,13, 14, 15, 71 and the
gate insulator film layer 9 remain without patterning. How-
ever, the patterned parts of the channel polysilicon layer 8p,
38p and the phase change material layer 7 are removed. The
polysilicon diode PD above the word line 2 is collectively
removed at the same time as the above-described stripe shape
patterning, and turn into a space part. A section along the
word line 2 is as illustrated in FIG. 73, and a section along the
space of the word line 2 is as illustrated in FIG. 74.

In the drawings ofthe embodiment 2, the example of stack-
ing four layers of the gate polysilicon layer of the memory cell
is illustrated. However, the number of the stacked layers can
be 5 or more.

Similar to the embodiment 1, also in the semiconductor
storage device in the embodiment 2, patterning processes per
unit memory cell can be reduced and the number of the
processes can be reduced because the gate insulator films and
the phase change material layers can be formed at the same
time even when the number of the stacked layers is increased.
As aresult, the bit cost by stacking can be effectively reduced.

When constitution in which the diodes 4p-6p formed in the
lower layer is also collectively patterned at the same time is
used, the bit cost can be effectively reduced by stacking
because the number of processes per unit cell can be further
reduced.

Compared to the embodiment 1, the bit cost can be further
reduced when the number of stack layers is the same as the
embodiment 1 because two vertical type chain memories can
be formed in a region where the word line 2 and the bit line 3
intersect each other.

Embodiment 3

In the embodiment 3, an example which realizes a high
density memory by further stacking the vertical type chain
memory being a stacked memory is shown.
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FIG. 75 is apartial three dimensional schematic view of the
semiconductor storage device in the embodiment 3, and the
view illustrates an extracted part of one layer of the vertical
type chain memory which is stacked.

FIG. 75 illustrates a part of the memory cell array, wires
and contacts. The part constituting by the word line 2 made of
a metal wire; the contact hole WL.C connecting the word line
2 and the line selector illustrated in FIG. 1; the polysilicon
diode PD made of the polysilicon layer 4p in which a p-type
impurity is doped, the polysilicon layer 5p in which a low
concentration impurity is doped and the polysilicon layer 6p
in which an n-type impurity is doped; the gate polysilicon
layers 21p, 22p, 23p, 24p of the memory cell; the gate poly-
silicon layer 61p of the select transistor; a gate polysilicon
62p of a layer select transistor; the metal wires GL.1, GL.2,
GL3, GL4 for supplying electricity to the gate polysilicon
layers of the memory cells; the metal wires STGL1, STGL2
for supplying electricity to the gate polysilicon layer 61p of
the select transistor; a metal wire STL for supplying electric-
ity to the gate polysilicon layer 61p of the layer select tran-
sistor; the contacts GC1, GC2, GC3, GC4 for connecting the
gate polysilicon layers 21p, 22p, 23p, 24p and the metal wires
GL1, GL2, GL3, GL4 of the memory cell, respectively; the
contacts STGC1, STGC2 for connecting the gate polysilicon
layer 61p of the select transistor and the wires STGL1,
STGL2; a contact STC for connecting the gate polysilicon
layer 62p of the layer select transistor and the wire STL;
GLC1, GLC2, GLC3 and GLC4 for connecting the wires
GL1, GL2, GL3, GL4 and the line selector, respectively;
STGLC1 and STGLC2 for connecting the wires STGL1,
STGL2 and the line selector; STL.C for connecting the wire
STL and the line selector; the bit line 3 made of a metal wire;
the contact hole BL.C for connecting the bit line 3 and the line
selector illustrated in FIG. 1; the insulator film layer 11
between the polysilicon diode PD and the gate polysilicon
layer 21; the insulator film layers 12, 13, 14, 15, 71 between
the gate polysilicon layers; and an insulator film 72 between
the gate polysilicon layer 62p and the bit line 3 is illustrated.
Although a part of the constituents, that is, STGLCI,
STGLC2 and STLC are not illustrated because STGLC1,
STGLC2 and STLC are hidden by the wires GL.1, GL.2 and
the like, STGLC1, STGLC2 and STLC are connected to the
lower part of STGL1, STGL2 and STL respectively, similar to
GLC1, GLC2, GLC3, and GLC4 being connected to the
lower part of GL1, GL.2 and GL3, and GL 4, respectively.

FIG. 76 is a cross-sectional view taken in parallel with the
bit line 3, and the view illustrates a part of the memory array
MA particularly extracted from FIG. 75. This structure is
different from the structure of the embodiment 2 in that the
gate polysilicon layer 62p is added. Above a plurality of word
lines 2, the polysilicon diodes PD are periodically formed in
an extending direction of the word lines 2. A stacked film
made of the gate polysilicon layers 21p, 22p, 23p, 24p, 61p,
62p and the insulator film layers 11, 12, 13, 14, 15, 71, 72 is
patterned in a stripe shape in a direction parallel to the word
line 2. The line parts of the stripe of the stacked film made of
the gate polysilicon layers 21p, 22p, 23p, 24p, 61p, 62p and
the insulator film layers 11,12, 13, 14, 15, 71, 72 are arranged
just above the spaces between the word lines, and the space
parts of the stripe of the insulator film layers of the gate
polysilicon layers 21p, 22p, 23p, 24p, 61p, 62p and the insu-
lator film layers 11, 12, 13, 14, 15, 71, 72 are arranged just
above the word lines. The bit lines 3 are the stripe shape
extending in the direction perpendicular to the word lines 2,
and are arranged above the insulator film 72 through the
n-type polysilicon 38p.
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In the lower part of the bit lines 3 in the space parts of the
stacked film made of the gate polysilicon layers 21p, 22p,
23p, 24p, 61p, 62p and the insulator film layers 11, 12,13, 14,
15, 71, 72, the gate insulator film 9, the channel polysilicon
layer 8p, an insulator film layer 10, and the phase change
material layer 7 are stacked in this order on the sidewalls of
the gate polysilicon layers 21p, 22p, 23p, 24p, the sidewalls of
the insulator film layers 11, 12,13, 14 and on the lower part of
the sidewall of the insulator film 15. The insulator film layer
91 is embedded between the both surfaces of the phase
change material layer 7. Further, the gate insulator film layer
9 and the channel polysilicon layer 8p are stacked on the
upper part of the sidewall of the insulator film layer 15 and on
the sidewalls of the gate polysilicon layer 61p, the insulator
film layer 71, the gate polysilicon layer 62p, and the insulator
film layer 72. The insulator film layer 92 is embedded
between the both surfaces of the channel polysilicon layer 8p.
An altitude of the lowest surface of the insulator film layer 92
is set lower than the altitude of the top layer of the insulator
film layer 15 and set higher than the altitude of the lowest
layer of the insulator film layer 15. This structure is made
because of the same reason as described in F1G. 44.

At the bottom part of the lower part of the bit line 3 in the
space of the stacked film made of the gate polysilicon layers
21p, 22p, 23p, 24p, 61p, 62p and the insulator film layers 11,
12, 13, 14, 15, 71, 72, the upper surface of the polysilicon
layer 6p and the channel polysilicon layer 8p are contacted.
The bit line 3 communicates with the polysilicon diode PD
through the polysilicon layer 38p and the channel polysilicon
layer 8p which are formed on the both side surfaces of the
stacked film made of made of the gate polysilicon layers 21p,
22p,23p, 24p, 61p, 62 and the insulator film layers 11,12, 13,
14,15, 71, 72.

As similar to FIG. 52, stripe shape patterning is performed
in the bit line direction. When the bit line 3 is patterned in the
stripe shape, the patterned parts of the stacked film made of
the gate polysilicon layers 21p, 22p, 23p, 24p, 61p, 62p and
the insulator film layers 11, 12,13, 14, 15, 71, 72 and the gate
insulator film layer 9 remain without patterning. However, the
patterned parts of the channel polysilicon layer 8p, 38p, the
phase change material layer 7, and the insulator film layer 10
are removed. The polysilicon diode PD above the word line 2
is collectively removed at the same time with the above-
described stripe shape patterning, and turns into a space part.
Thereafter, an insulator body is formed in a space part gen-
erated from the above-described stripe shape patterning.

In the embodiment 3, the vertical type chain memory in
FIG. 75 is stacked as illustrated in FIG. 77, and the wires are
connected with each other. Similar to the first layer, in a
second layer of the vertical type chain memory layer in FIG.
77, that is, in the upper layer of the chain memory layer, a
word line 202 made of a metal wire; a contact hole WLC2
connecting the word line 202 and the word line 2; a polysili-
con diode PD made of a polysilicon layer 204p in which a
p-type impurity is doped, a polysilicon layer 205p in which a
low concentration impurity is doped and a polysilicon layer
206p in which an n-type impurity is doped; gate polysilicon
layers 221p, 222p, 223p, 224p of a memory cell; a gate
polysilicon layer 261p of a select transistor; a gate polysilicon
262p of a layer select transistor; metal wires GL.21, GL.22,
GL23, GL24 for supplying electricity to the gate polysilicon
layers of the memory cells; metal wires STGL21, STGL22
for supplying electricity to the gate polysilicon layer 261p of
the select transistor; a metal wire STL2 for supplying elec-
tricity to the gate polysilicon layer of the layer select transis-
tor; contacts GC21, GC22, GC23, GC24 for connecting the
gate polysilicon layers 221p, 222p, 223p, 224p and the wires
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GL21, GL22, G123, GL.24 of the memory cells, respectively;
contacts STGC21, STGC22 for connecting the gate polysili-
con layer 261p of the select transistor and the wires STGL.21,
STGL22; a contact STC2 for connecting the gate polysilicon
layer 262p of the layer select transistor and the wire STL.2;
GLC21, GLC22, GLC23 and GLC24 for connecting the
wires GL21, GL22, GL23, GL24 and the wires GL1, GL2,
GL3, GLA4, respectively; STGLC21 and STGLC22 for con-
necting the wires STGL21, STGL22 and the wires STGL1,
STGL2; STLC2 for contacting the wire STL2 and the line
selector; the bit line 203 made of a metal wire; and a contact
hole BLCONT?2 for connecting the bit line 203 and the bit line
3 are illustrated in FIG. 77. FIG. 78 is a cross-sectional view
taken in parallel with the bit line 3 and the bit line 203, and the
view illustrates parts of the memory array MA1, MA2
extracted from FIG. 77.

As illustrated in FIG. 78, as similar to the first layer, poly-
silicon diodes PD are also periodically formed in the extend-
ing direction of the word lines 2 above a plurality of word
lines 202 in the second layer of the vertical type chain
memory. A stacked film made of the gate polysilicon layers
221p, 222p, 223p, 224p, 261p, 262p and the insulator film
layers 211, 212, 213, 214, 215, 271, 272 is patterned in a
stripe shape in a direction parallel to the word line 202. The
line parts of the stripe of the stacked film made of the gate
polysilicon layers 221p, 222p, 223p, 224p, 261p, 262p and
the insulator film layers 211, 212,213, 214, 215,271,272 are
arranged just above the spaces between the word lines, and
the space parts of the stripe of the insulator film layers of the
gate polysilicon layers 221p, 222p, 223p, 224 p, 261p, 262p
and the insulator film layers 211, 212, 213, 214, 215,271,272
are arranged just above the word lines 202. The bit lines 203
are the stripe shape extending in the direction perpendicular
to the word lines, and are arranged above the insulator film
272 through the n-type polysilicon 38p.

Inthe lower part of the bit lines 203 in the space parts of the
stacked film made of the gate polysilicon layers 221p, 222p,
223p, 224p, 261p, 262 p and the insulator film layers 211,
212, 213, 214, 215, 271, 272, an gate insulator film 209, the
channel polysilicon layer 208p, an insulator film layer 210,
and a phase change material layer 207 are stacked in this order
on the sidewalls of the gate polysilicon layers 221p, 222p,
223p, 224p, on the sidewalls of the insulator film layers 211,
212, 213, 214 and on the lower part of the sidewall of an
insulator film 215. An insulator film layer 291 for limiting a
path in which current is flown to the phase change material
layer 7 is embedded between the both surfaces of the phase
change material layer 7. Further, the gate insulator film layer
209 and the channel polysilicon layer 208p are stacked on the
upper part of the sidewall of the insulator film layer 215 and
on the sidewalls of the gate polysilicon layer 261p, the insu-
lator film layer 271, the gate polysilicon layer 262p, and the
insulator film layer 272. The insulator film layer 292 is
embedded between the both surfaces of the channel polysili-
con layer 208p. The gate insulator film layer 209 and a chan-
nel polysilicon layer 238p are stacked on the upper part of the
insulator film layer 272, and the insulator film layer 292 is
embedded between the both surfaces of the channel polysili-
con layer 208p. An altitude of the lowest surface of the insu-
lator film layer 292 is set lower than the altitude of the top
layer of the insulator film layer 215 and set higher than the
altitude ofthe lowest layer of the insulator film layer 215. This
structure is made because of the same reason as described in
FIG. 44.

Atthe bottom part of the lower part of the bit line 203 in the
space of the stacked film made of the gate polysilicon layers
221p, 222p, 223p, 224p, 261p, 262p and the insulator film
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layers 211, 212,213, 214, 215, 271, 272, the upper surface of
the polysilicon layer 206p and the channel polysilicon layer
208p are contacted. The bit line 203 communicates with the
polysilicon diode PD through the polysilicon layer 238p and
the channel polysilicon layer 208p which are formed on the
both side surfaces of the stacked film made of made of the gate
polysilicon layers 21p, 22p, 23p, 24p, 61p, 62p and the insu-
lator film layers 11, 12, 13, 14, 15, 71, 72.

As similar to FIG. 52, stripe shape patterning is performed
in the bit line. When the bit line 3 is patterned in the stripe
shape, the patterned parts of the stacked film made of the gate
polysilicon layers 221p, 222p, 223p, 224p, 261p, 262p and
the insulator film layers 211, 212, 213, 214, 215, 271,272 and
the gate insulator film layer 9 remain without patterning.
However, the patterned parts of the channel polysilicon layer
208p, 238p, the phase change material layer 207, and the
insulator film layer 210 are removed. The polysilicon diode
PD above the word line 202 is collectively removed at the
same time with the above-described stripe shape patterning,
and turn into a space part. Thereafter, an insulator body is
formed in a space part generated from the above-described
stripe shape patterning.

The semiconductor storage device of the embodiment 3 has
two layers of the vertical type chain memories. Therefore, the
reset operation, the set operation and the read operation are
performed by, for example as illustrated in FIG. 79, control-
ling voltages of the bit lines BL.1, BL.2, BL3, BL4; the word
lines WL1, WL.2, WL3; and the gate signal lines GL.1, GL2,
GL3, GL4; the gate signal lines STGL1, STGL2; and the
layer select gates STL, STL2. As described in FIG. 77, in the
first layer and the second layer of the vertical type chain
memories, the bit lines, the word lines, the gate signal lines of
the memory cell and the gate signal lines of the select tran-
sistor are connected to the line selector in a state of connecting
with each other. Only in the layer select transistor, the first
layer and the second layer are not connected with each other
and connected to the line selector. Therefore, in the first layer
and the second layer of the vertical type chain memories, the
same voltage is supplied to the bit lines, the word lines, the
gate signal lines of the memory cell and the gate signal lines
of'the select transistor, and different voltages between the first
layer and the second layer can be supplied only to the layer
select transistor.

InFIG. 79, voltages of WL1, that is, 5/4/2'V, are voltages at
the time of the reset operation, at the time of the set operation
and at the time of the read operation, respectively. Similarly,
notations of voltages of other terminals in FIG. 34 represent
voltages at the time of the reset operation, at the time of the set
operation and at the time of the read operation in this order.
Approximately five volts are biased to the layer select tran-
sistor is the vertical type chain memory including the selected
cell, that is, STL in the case of FIG. 79, and the layer select
transistor is the first layer is set to the ON state. Approxi-
mately zero volts are biased to the layer select transistor in the
vertical type chain memory other than the above case, that is,
STL2 in the case of FIG. 79, and the layer select transistor in
the second layer is set to the OFF state. Thereby, it is possible
that current is not flown to the second layer of the vertical type
chain memory.

In the first layer of the vertical type chain memory, in the
vertical type chain memory in which the bit line side is con-
nected to BL2, BL3, or BL4 and the word line side is con-
nected to WL1, both voltages of the bit line and the word line
are 5V at the time of the reset operation, 4 V at the time of the
set operation, and 2 V at the time of the read operation. As a
result, current does not flow because the bit line and the word
line have no voltage difference. In the vertical type chain
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memory in which the bit line side is connected to BL1 and the
word line side is connected to WL2 or WL3, both voltages of
the bit line and the word line are 0 V at the time of the reset
operation, at the time of the set operation, and at the time of
the read operation. As a result, current does not flow because
the bit line and the word line have no voltage difference. Inthe
vertical type chain memory in which the bit line side is con-
nected to BL2, BL3 or BL4 and the word line side is con-
nected to WL2or WL3,0V and 5V are biased to the word line
and the bit line respectively at the time of the reset operation;
0 V and 4 V are biased to the word line and the bit line
respectively at the time of the set operation; and 0 V and 2V
are biased to the word line and the bit line respectively at the
time of the read operation. Voltages are biased in a reverse
bias direction of the polysilicon diode PD that constitutes the
vertical type chain memory. Withstand voltage of PD can be
formed so as to be higher than 5V, and thereby, it is possible
that current does not flow.

Forward bias to PD can be biased so as to flow current
through only a part of the first layer of the vertical type chain
memory in which the bit line side is connected to BL1 and the
word line side is connected to WL1. As a result, SMC in the
memory array can be selected and operated because SMC in
the vertical type chain can be selected and operated by the
method described in FIG. 33 in the embodiment 2.

When the number of the stacked layers is increased in one
layer of the vertical type chain memory, the area of the periph-
eral circuit, particularly, the line selector is rapidly increased
in accordance with increase in the number of the stacked
layers, because the number of gates in which voltage should
be independently controlled is increased depending on the
number of the stacked layers. On the other hand, when the
vertical type chain memories including a plurality of memory
layers are staked as the embodiment 3, the memory layers can
be added by adding only one layer of a terminal which needs
independent voltage controls, that is, a layer select gate. As a
result, as illustrated in FIG. 80, the increase in the area of the
peripheral circuit, particularly the line selector at the time of
addition of the number of the stacked layers can be signifi-
cantly suppressed. Thereby, cost reduction by stacking layers
of'the memory elements can be effectively achieved.

Embodiment 4

In the embodiment 1 to the embodiment 3, the spaces for
forming the contacts GC1, GC2, GC3, GC4 for connecting
the gate polysilicon layers 21p, 22p, 23p, 24p and the metal
wires GL1, GL2, GL3, GL4 in the vertical type chain
memory, and the contacts STGC1, STGC2 for connecting the
gate polysilicon layer 61p of the select transistor and the wires
STGL1, STGL2 are formed by setting protrusion amounts of
the gate polysilicon layers 21p, 22p, 23p, 24p, 61p in the
extending direction of the word line smaller in this order and
patterning the gate polysilicon layers 21p, 22p, 23p, 24p, 61p
stepwise.

However, when this method is used, a protrusion amount
from the end part of the memory array MA of the gate poly-
silicon of the lowest layer is increased in proportion to the
number of the stacked gate layers. Excess area other than the
memory array is increased because the memory cell cannot be
formed in the proportion part. Therefore, if this area can be
reduced, an occupancy rate of the memory array can be
increased. As a result, the cost can be reduced.

In the embodiment 4, even when the number of the stacked
layers is increased, a method for decreasing the protrusion
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amount of the gate polysilicon from the memory array MA for
a region of contact formation to the gate polysilicon is pro-
vided.

Similar to the embodiment 2, the example of the semicon-
ductor storage device in which the gate polysilicon layers
21p, 22p, 23p, 24p, and the insulator film layer 11 formed
between the polysilicon diode PD and the gate polysilicon,
the insulator film layers 12, 13, 14 between the gate polysili-
con layers, and an insulator film between the gate polysilicon
and the bit line 3, which are components of the memory array
of the vertical type chain memory, are patterned in the
memory array MA part in a stripe shape in parallel with the
word line 2 is illustrated.

FIG. 81 is a partial three dimensional schematic view of the
semiconductor storage device in the embodiment 4. The view
illustrates a part of the memory cell array, wires and contacts.
The part constituted by the word line 2 made of a metal wire;
the contact hole WLC connecting the word line 2 and the line
selector illustrated in FIG. 1; the polysilicon diode PD made
of the polysilicon layer 4p in which a p-type impurity is
doped, the polysilicon layer 5p in which a low concentration
impurity is doped and the polysilicon layer 6p in which an
n-type impurity is doped; the gate polysilicon layers 21p, 22p,
23p, 24p of the memory cell; the gate polysilicon layer 61p of
the select transistor; the metal wires GL1, GL2, GL3, GL4 for
supplying electricity to the gate polysilicon layer of the
memory cells; the metal wires STGL1, STGL2 for supplying
electricity to the gate polysilicon layer 61p of the select tran-
sistor; the contacts GC1, GC2, GC3, GC4 for connecting the
gate polysilicon layers 21p, 22p, 23p, 24p and the metal wires
GL1, GL2, GL3, GL4 of the memory cell, respectively; the
contacts STGC1 for connecting the gate polysilicon layer 61p
of the select transistor and the wire STGL1; the bit line 3
made of a metal wire; the contact hole BL.C for connecting the
bit line 3 and the line selector illustrated in FIG. 1; the insu-
lator film layer 11 between the polysilicon diode PD and the
gate polysilicon layer 21p; the insulator film layers 12,13, 14,
15 between the gate polysilicon layers; and the insulator film
layer 71 between the gate polysilicon layer 61p and the bit
line 3 is illustrated in FIG. 81.

Although not illustrated, the wires GL1, GL2, GL3, and
GL4 are connected to the line selector through GL.C1, GLC2,
GLC3 and GLCA4, respectively. The wires STGL1, STGL2
are connected to the line selector through STGLC1 and
STGLC2, respectively.

In FIG. 81, the gate polysilicon layers 21p, 22p, 23p, 24p,
61p are illustrated so as to be communicated every other line.
Stripe patterns seen as being isolated are similarly connected
in the opposite side of the word line direction. At this position,
the gate polysilicon layers 21p, 22p, 23p, 24p, 61p are simi-
larly connected to GL1, GL.2, CL3, CL4 and STGL2 through
GC1, GC2, GC3, GC4 and STGC2, respectively. Therefore,
in the gate polysilicon layer 21 of the memory cell, all adja-
cent stripe patterns are connected to the same wire GL1. The
gate polysilicon layers 22p, 23 p, 24p have similar structures.
The gate polysilicon layer 61p of the select transistor is con-
nected to the two wires STGL1 and STGL2 which are insu-
lated each other in every one stripe, and voltage can be inde-
pendently biased.

Different from the first and embodiment 2s, in F1G. 81, step
structures of the gate polysilicon 21p, 22p, 23p, 24p, 61p for
forming the contacts GC1, GC2, GC3, GC4, STGC1 are
formed stepwise in an extending direction ofthe bit line 3, and
GL1, GL2, GL3, GL4, STGL1 and STGL2 are formed in a
direction parallel to the word line 2.

Thereby, even when the number of the stacked layers of the
gates is increased, the gate polysilicon can be formed step-
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wise with the protrusion amount from MA being constant,
and can be connected to wires for supplying electricity to the
gates by the contacts.

In the embodiment 4, the memory array MA part has simi-
lar structure to the embodiment 2, while a shape of the gate
polysilicon around MA, and peripheral parts such as contacts
and wires are different from the embodiment 2.

Hereinafter, one example of a method for manufacturing
the semiconductor storage device in the embodiment 4 is
described. Manufacturing processes up to FIG. 36 are similar
to the embodiment 2. However, the insulator films 11, 12,13,
14, 15, 71 are made of silicon nitride films.

A titanium nitride (TiN) film 301 turning into a hard mask
is further formed above the stacked film formed in FIG. 36.
Subsequently, by using known lithography and dry-etching
technologies, 301 in a contact forming part to the polysilicon
21p, 22p, 23p, 24p, 61p in FIG. 81 is removed (FIG. 82). In
the MA region, 301 remains.

Subsequently, a silicon oxide film 302 turning into a hard
mask is formed, and patterned by using the known lithogra-
phy and dry-etching technologies so that the silicon oxide
film 302 has the same shape as the final shape of the gate
polysilicon 21p of the lowest layer in a space part of 301 in
FIG. 81 (FIG. 83).

Subsequently, the silicon nitride film 71 and the gate poly-
silicon 61p are sequentially patterned by dry-etching using
the hard masks 301, 302 as masks (FIG. 84).

Subsequently, the hard mask 302 is isotropically etched by,
for example, wet etching. The hard mask 302 reduces its film
thickness as well as is horizontally dry-etched, and becomes
asillustrated in FIG. 85. At this time, exposed other parts, that
is, the hard mask 301, the silicon nitride film 71, the gate
polysilicon 61p, and the silicon nitride film 15 are not etched.

Subsequently, the hard mask 301 and 302 whose dimen-
sion becomes smaller by the wet-etching are used as masks,
and thereby the silicon nitride film 71, 15, the gate polysilicon
61p, 24p are sequentially patterned by dry-etching (FIG. 86).

Similarly, after streamlining the hard mask 302 by wet-
etching and patterning the silicon nitride film/the gate poly-
silicon are repeated, the hard masks 301, 302 are removed. As
aresult, a stacked film made of the gate polysilicon 21p, 22p,
23p, 24p, 61p and the silicon nitride films 11, 12,13, 14, 15,
71 is processed as illustrated in FIG. 87. Thereafter, manu-
facture of the semiconductor storage device illustrated in
FIG. 81 is possible through similar processes from FIG. 37 to
FIG. 52.

Compared to the embodiment 2, a manufacturing process
of gate contact formation is added to the semiconductor stor-
age device in the embodiment 4. However, particularly in the
case that the number of the stacked layer is high, this embodi-
ment is advantageous for reduction in the bit cost because
increase in the area of the semiconductor storage device with
increase in the number of the stacked layer can be suppressed.

Embodiment 5

Although embodiments using the diode PD as the selection
element are described from the embodiment 1 to the embodi-
ment 4, a vertical type transistor can be provided as a selection
element as described in Patent Literature 1. However, when
the vertical type transistor is positioned in the lower side of
the memory part as described in Patent Literature 1, after
forming the vertical type transistor, a through hole in the
memory part is required to be firmed. In this case, a position
of the vertical type transistor and a position of the through
hole are required to be aligned. In addition, since the channel
layer of the vertical type transistor and the channel layer of the
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memory part are formed in two-step processes, a boundary
part thereof has larger contact resistance. Therefore, the
embodiment 5 provides a method for being capable of col-
lectively forming the vertical type transistor and the memory
part at the same time.

FIG. 88 and F1G. 89 are views illustrating the embodiment
5. FIG. 88 is a cross-sectional view of a structure of the
embodiment 5 taken in the direction of the bit line, and FIG.
89 is a cross-sectional view of the structure of the embodi-
ment 5 taken in the direction orthogonal to the bit line. The
structure of the embodiment 5 is basically corresponding to
the structures of the first and the embodiment 2s, so that
description of the common parts is omitted.

The structure of the embodiment 5 has a gate polysilicon
layer 25p turning into a selection element above the gate
polysilicon layers 21p, 22p, 23p, 24p turning into gates of the
memory cell transistors. As illustrated in FIG. 88, the gate
polysilicon layer 25p is isolated by the insulator films in every
through hole in the direction of the bit line. By this structure,
one through hole can be selected by selecting one of the bit
lines 3 and the one of the gate polysilicon layer 25p. The metal
wire 2 functioning as the word line in the embodiment 1 to the
embodiment 4 turns into a source line. The gate polysilicon
layer 25p is corresponding to the word line. The source line
has a plate structure and is in common with all through holes.

Following processes can be performed in orderto form this
structure.

The insulator film layer 11, the amorphous silicon layer
21a, the insulator film layer 12, the amorphous silicon layer
22a, the insulator film layer 13, the amorphous silicon layer
23a, the insulator film layer 14, the amorphous silicon layer
24a, the insulator film layer 15, and the amorphous silicon
layer 25a are formed in this order above the metal wire 2
having the plate structure, and subsequently, the amorphous
silicon layer 254 turning into a gate of the select transistor is
patterned in a stripe shape. Subsequently, after the space of
the amorphous silicon patterned in the insulator film 16 is
embedded, the upper surface is planarized by the CMP
method.

Subsequently, a hole from the upper surface of the stacked
film to the upper surface of the metal wire 2 is formed.

Subsequently, the gate insulator film, the channel silicon
8p, and the phase change material 7 can be embedded into the
hole by performing similar processes from FIG. 14 to FIG. 25
in the embodiment 1.

However, the phase change material 7 in the altitude part of
the gate polysilicon 25p is removed and the removed part is
embedded with the insulator film 92. A structure illustrated in
FIGS. 88 and 89 can be completed by forming a metal film
turning into the bit line 3 and patterning the metal film in a
stripe shape in a direction perpendicular to the select transis-
tor.

As described above, by providing the continuous channel
layer 38p on the sidewalls of the gate polysilicon layer 25p
turning into the gate of the select transistor and the gate
polysilicon layers 21p, 22p, 23p, 24p turning into the gate of
the memory cell transistor, alignment is not required and
contact resistance of the channel layer does not cause prob-
lem.

This invention is described by assuming that chalcogenide
materials are used for the memory elements. However, mate-
rials for the memory elements are not limited. Not only the
phase change memory but also various semiconductor memo-
ries in which electric properties are varied by applying current
to elements such as magnetoresistive random access memory
and a resistive memory can be applied.
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This invention is also described by assuming that polysili-
con is used for the gate polysilicon layer performing a gate
operation and the channel polysilicon layer 8p turning into a
source-drain path. However, materials for the gate polysilicon
layer and the channel polysilicon layer are not limited. This
invention can be achieved by applying semiconductor mate-
rials which can perform the gate operation.

In this specification, the terms a “word line” and a “bit line”
are used for understandability of the description. Both lines
are selection lines used for selecting one vertical type chain
memory. Therefore, it goes without saying that positional
relation and the like can be turned upside down, and connec-
tion of a read circuit such as a sense amplifier to the bit line
side is not required.

REFERENCE SIGNS LIST
2 Word Line
3 Bit Line
4a P-type Impurity Doped Amorphous Silicon Layer

5a Low Concentration Impurity Doped Amorphous Silicon
Layer

6a N-type Impurity Doped Amorphous Silicon Layer

4p P-type Impurity Doped Polysilicon Layer

5p Low Concentration Impurity Doped Polysilicon Layer

6p N-type Impurity Doped Polysilicon Layer

7 Phase Change Material Layer

8a Amorphous Silicon Layer

8p Channel Polysilicon Layer

9 Gate Insulator Film Layer

10 Insulator Film Layer

11, 12, 13, 14, 15, 16 Insulator Film Layer

21a, 22a, 23a, 24a Amorphous Silicon Layer

21p, 22p, 23p, 24p, 25p Polysilicon Layer

30, 31, 32, 33 Insulator Film Layer

38a N-type Impurity Doped Amorphous Silicon Layer

38p N-type Impurity Doped Polysilicon Layer

50 Hole Formed in Insulator Film and Silicon Layer

51, 52 Insulator Film Layer

61a, 62a Amorphous Silicon Layer

61p, 62p Polysilicon Layer

71, 72 Insulator Film Layer

88a, 89a Amorphous Silicon Layer

88p, 89p Polysilicon Layer

91, 92 Insulator Film Layer

98p, 99p Polysilicon Layer

202 Word Line

203 Bit Line

204p P-type Impurity Doped Polysilicon Layer

205p Low Concentration Impurity Doped Polysilicon Layer

206p N-type Impurity Doped Polysilicon Layer

207 Recording Layer of Variable Resistance Type Element

208p Channel Semiconductor Layer

209 Gate Insulator Film Layer

210 Insulator Film Layer

211, 212, 213, 214, 215 Insulator Film Layer

221p, 22p, 223p, 224p Polysilicon Layer

231 Insulator Film Layer

238p N-type Impurity Doped Polysilicon Layer

261p, 262p Polysilicon Layer

271, 272 Insulator Film Layer

291, 292 Insulator Film Layer

301 Hard Mask (TiN)

302 Hard Mask (Silicon Oxide Film)

1001 I/O Interface

1002 Memory Cell Array

1003 Source circuit
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1004 Source circuit

1005 Source circuit

1006 Source circuit

1007 Voltage Selector

1008 Line selector

1009 Control circuit

1010 Readout circuit

MA, MA1, MA2 Vertical Type Chain Memory Array

BL, BL1, BL2, BL3, BL4 Bit Line

WL, WL1, WL2, WL3 Word Line

BLC, BLCONT?2 Bit Line Contact

WLC, WLC2 Word Line Contact

GC1, GC2, GC3, GC4 Contact to Gate Electrode

GL1, GL2, GL3, GL4 Metal Wire for Supplying Electricity to
Gate Electrode

GLC1, GLC2, GLC3, GLC4 Contact between Metal Wire
and Peripheral Circuit

STGC1, STGC2 Contact to Select Transistor Gate

STGL1, STGL2 Metal Wire for Supplying Electricity to
Select Transistor

SMC Selected Memory Cell

USMC, USMC1, USMC2, USMC3 Unselected Memory
Cell GRB1, GRB2, GRB3 Grain Boundary of Polysilicon

0 Angle Using lon Implantation Direction Perpendicular to
Semiconductor Substrate as Standard

OMAX Acceptable Maximum Value of 6

STC, STC2 Contact to Gate Electrode of Layer Selection
Switch

STL, STL2 Metal Wire for Supplying Electricity to Gate
Electrode of Layer Selection Switch

STLC, STLC2 Contact between Metal Wire and Peripheral
Circuit

GC21, GC22, GC23, GC24 Contact to Gate Electrode

GL21, GL22, GL.231 GL24 Metal Wire for Supplying Elec-
tricity to Gate Electrode

GLC21, GLC22, GLC23, GLC24 Contact between Metal
Wire and Peripheral Circuit

STGC21, STGC22 Contact to Select Transistor Gate

STGL21, STGL22 Metal Wire for Supplying Electricity to
Select Transistor

STGLC21, STGLC22 Contact between Metal Wire and
Peripheral Circuit

PD Polysilicon Diode

The invention claimed is:

1. A method for manufacturing a semiconductor storage

device, comprising:

afirst step of forming a stacked body which comprises N+1
(N=z1) number of inter-gate insulator layers and N num-
ber of gate semiconductor layers alternately stacked;

a second step of removing a part of the stacked body from
a lower surface of a first inter-gate insulator layer to an
upper surface of an (N+1)th inter-gate insulator layer in
a stripe shape in a first direction;

a third step of forming a first insulator layer on a side
surface of the stacked body which is formed by the
removing in the second step;

a fourth step of forming a first variable resistance material
layer including a variable resistance material along the
first insulator layer which is formed in the third step; and

a fifth step of removing a part of the first variable resistance
material layer which is formed in the fourth step, and
alternately forming a region where the first variable
resistance material layer remains and a region where the
first variable resistance material layer is removed in the
first direction.
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2. The method of claim 1, further comprising:

a sixth step of stacking a second insulator layer, a first
selection line layer, a first semiconductor layer in which
a first conductive impurity is doped, a second semicon-
ductor layer, and a third semiconductor layer in which a
second conductive impurity is doped in this order on a
semiconductor substrate before the first step;

a seventh step of patterning the first selection line layer, the
first semiconductor layer, the second semiconductor
layer, and the third semiconductor layer in a stripe shape
in the first direction;

an eighth step of depositing a third insulator layer after the
seventh step;

a ninth step of patterning the first semiconductor layer, the
second semiconductor layer, and the third semiconduc-
tor layer in a stripe shape in a second direction which
intersects with the first direction;

a tenth step of depositing a fourth insulator layer after the
ninth step; and

an eleventh step of removing the third insulator layer and
the forth insulator layer by a chemical mechanical pol-
ishing method to expose the upper surface of the third
semiconductor layer.

3. The method of claim 2, further comprising:

collectively patterning the first selection line layer, the first
semiconductor layer, the second semiconductor layer,
and the third semiconductor layer at a same time in the
seventh step.

4. The method of claim 1, further comprising:

atwelfth step of forming a mask layer in a stripe shape in a
second direction which intersects with the first direction
after the fourth step,

wherein, in the fifth step, a part of the first variable resis-
tance material layer is removed by using the mask layer
formed in the twelfth step as a mask.

5. The method of claim 1, further comprising:

a thirteenth step of stacking a second selection line layer
and patterning the second selection line layer in a stripe
shape in a second direction which intersects with the first
direction after the forth step,

wherein, in the fifth step, a part of the variable resistance
material layer is removed by using the second selection
line formed in the thirteenth step as a mask.

6. The method of claim 1,

wherein, in the third step, a first semiconductor channel
layer is formed on the first insulator layer after forming
the first insulator layer;

in the fourth step, the first variable resistance material layer
is formed on a side surface of the first semiconductor
channel layer;

in the fourth step, further, a fifth insulator layer is formed
along a side surface of the first variable resistance mate-
rial layer and a gap of the stacked body which is pat-
terned in the stripe shape is embedded; and

in the fifth step, the first semiconductor channel layer and
the fifth insulator layer are removed together with the
first variable resistance material layer.

7. The method of claim 1, further comprising:

a sixth step of stacking a second insulator layer, a first
selection line layer, a first semiconductor layer in which
a first conductive impurity is doped, and a second semi-
conductor layer in which a second conductive impurity
is doped in this order on a semiconductor substrate
before the first step; and

a seventh step of patterning the first selection line layer, the
first semiconductor layer, and the second semiconductor
layer in a stripe shape in the first direction,
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wherein the first semiconductor layer and the second semi-
conductor layer are collectively patterned at a same time
together with the first variable resistance material layer
in the fifth step.

8. The method of claim 2,

wherein the third insulator layer and the fourth insulator
layer are formed by an insulating material having a
different etching ratio to the inert-gate insulator film.

9. The method of claim 1,

wherein, after forming the first insulator layer, a first semi-
conductor channel layer is further formed on a side
surface of the first insulator layer in the third step.

10. The method of claim 9,

wherein, after forming the first semiconductor channel
layer, a second semiconductor channel layer is formed
ona side surface of the first semiconductor channel layer
in the third step.

11. The method of claim 10,

wherein, after forming the first semiconductor channel
layer, the first insulator layer and the first semiconductor
channel layer at a bottom in a region between the stacked
body which is patterned in the stripe shape are removed
and thereafter the second semiconductor channel layer is
formed in the third step.

12. The method of claim 1, further comprising:

removing the first variable resistance material layer in a
position between the upper surface and a lower surface
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of the (N+1)th inter-gate insulator film layer from a
bottom, and thereafter, stacking a second selection line
layer after the fourth step.

13. The method of claim 1,

wherein an inter-gate insulator layer is formed by a mate-
rial having higher dielectric constant than the inter-gate
insulator layer.

14. The method of claim 1,

wherein each thickness of an inter-gate insulator layer is
formed to be thinner than each thickness of a semicon-
ductor layer.

15. The method of claim 2,

wherein, in the sixth step, a third insulator layer is formed
in a region among the first selection line layer, the first
semiconductor layer, the second semiconductor layer,
and the third semiconductor layer which are patterned in
the stripe shape; and

in the second step, a width of the stacked body which is
patterned in the stripe shape in the second direction
which intersect the first direction is smaller than a width
in the second direction of the third insulator layer
formed in the sixth step.

16. The method of claim 1,

wherein a gate semiconductor layer is formed by polysili-
con.

17. The method of claim 1, wherein the first variable resis-

tance material layer is formed by a phase change material.
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